NBS 

Reference  publications 

NBSIR  83-2742^0 

Photonuclear  Data  - Abstract  Sheets 
1955  - 1982 

Volume  VII  (Sulphur  - Calcium) 


E G.  Fuller.  Henry  Gerstenberg 


U S DEPARTMENT  OF  COMMERCE 
National  Bureau  of  Standards 
National  Measurement  Laboratory 
Center  for  Radiation  Research 
Gaithersburg,  MD  20899 


October  1 984 


U S DEPARTMENT  OF  COMMERCE 
BUREAU  OF  STANDARDS 

-QC 

100 

,1156 

83-2742 

1984 


i 


NBSIR  83-2742 


PHOTONUCLEAR  DATA  - ABSTRACT  SHEETS 
1955  - 1982 

VOLUME  VII  (SULPHUR  - CALCIUM) 


E G.  Fuller,  Henry  Gerstenberg 


U S DEPARTMENT  OF  COMMERCE 
National  Bureau  of  Standards 
National  Measurement  Laboratory 
Center  for  Radiation  Research 
Gaithersburg,  MD  20899 


October  1 984 


U.S.  DEPARTMENT  OF  COMMERCE,  Malcolm  Baldrige,  Secretary 

NATIONAL  BUREAU  OF  STANDARDS.  Enrnt  Amto*#c.  Director 


TABLE  OF  CONTENTS 


Table  of  Contents i 

Introduction 1 

Sulphur  (Natural)  3 

' Sulphur  ( A=32) 45 

Sulphur  ( A= 33 ) 135 

Sulphur  ( A=34) 139 

Sulphur  (A=36) 149 

Chlorine  (Natural ) 153 

Chlorine  (A=34)  165 

Chlorine  (A=35)  171 

Chlorine  (A=36)  195 

Chlorine  (A=37)  199 

Argon  (A=36) 207 

Argon  (A=38) 217 

Argon  (A=40) 227 

Potassium  (Natural)  259 

Potassium  ( A=  37) 273 

Potassium  (A  = 39) 277 

Potassium  (A=41) 306 

Calcium  ( Natural ) 313 

Calcium  (A=40) 317 

Calcium  (A=41) 487 

Calcium  (A=42) 499 

Calcium  (A=44) 521 

Calcium  (A=48) 547 

Definition  of  Abbreviations  and  Symbols  563 


l 


Photonuclear  Data-Abstract  Sheets 
1955-1982 


I.  Introduction 

As  used  in  connection  with  this  collection  of  data-abstract  sheets,  the  term 
photonuclear  data  is  taken  to  mean  any  data  leading  to  information  on  the  electro- 
magnetic matri  x element  between  the  ground  state  and  exci  ted  states  of  a given  nuclide. 
The  most  common  types  of  reactions  included  in  this  compilation  are:  ( e , e 1 ) , (y,y), 
(y ,y 1 ) , (y,n),  (y,p),  etc.  as  well  as  ground-state  particle  capture  reactions,  e.g. 
(a,y0).  Two  reactions  which  fit  the  matrix  element  criterion  are  not  included  in 
the  compilation  because  of  their  rather  special  nature.  These  are  heavy  particle 
Coulomb  excitation  and  the  thermal  neutron  capture  reaction  (n,y0) . While  the  energy 
region  of  particular  interest  extends  from  0 to  150  MeV,  papers  are  indexed  which 
report  measurements  in  the  region  from  150  MeV  to  4 GeV.  Most  of  the  experiments 
listed  are  concerned  with  the  excitation  energy  range  from  8 to  30  MeV,  the  region 
of  the  photonuclear  giant  resonance. 

The  hierarchical  grouping  of  the  photonucl ear  data-abstract  sheets  wi thi n the  fi le 
is  by:  1.  Target  Element,  2.  Target  Isotope,  and  3.  by  the  Bibliographic 
Reference  Code  assigned  to  the  paper  from  which  the  data  on  the  sheet  were  abstracted. 
In  this  file,  colored  pages  are  used  to  mark  the  beginning  and  end  of  the  sheets  for 
each  chemi  cal  el  ement.  A brief  historical  sketch  of  the  elementis  given  on  the  divider 
sheet  marking  the  start  of  each  section;  the  information  for  this  sketch  was  derived 
from  references  such  as  the  Encyc  1 opaedi a Bri  tanni ca.  In  those  cases  where  the  sheets 
for  a given  element  make  up  a major  part  of  a volume,  colored  pages  are  also  used  to 
delineate  sections  pertai ni ng  to  the  individual  isotopes  of  the  element.  Each  of  the 
sections  of  the  file,  as  delineated  by  two  colored  divider  sheets,  represents  a 27  year 
history  of  the  study  of  electromagneti c interactions  in  either  a specific  nuclide  or  a 
specifc  element. 

The  data-abstract  sheets  are  filed  under  the  element  and/or  isotope  in  which  the 
ground-state  el ectromagneti c transi ti on  takes  place.  For  example,  the  abstract  sheet 
for  a total  neutron  yield  measurement  for  a naturally  occurring  copper  sample  would 
appear  in  the  elemental  section  of  the  copper  file.  On  the  other  hand,  a measurement 
of  the  62qu  9.73  minute  positron  activity  produced  in  the  same  sample  by  photons 
with  energies  below  the  three-neutron  separation  energy  for  65qu  (28.68  MeV)  would 
be  filed  with  the  sheets  for  63qu.  Similarly  a measurement  of  the  ground-state 
neutron  capture  cross  section  in  WOuld  be  filed  under  while  the  correspondi ng 
ground-state  alpha-particle  capture  cross  section  would  be  filed  under  16q. 

At  the  end  of  this  volume  there  is  a master  list  of  the  abbreviations  that  have 
been  used  in  the  index  section  of  the  abstract  sheets.  The  listings  are  those  used 
in  the  final  published  index,  Photonuclear  Data  Index,  1973-1981,  NBSIR  82-2543, 
i ssued  i n August  1982  by  the  U . S . Department  of  Commerce,  National  Bureau  of  Standards, 
Washington,  DC  20234.  In  some  cases  two  notations  are  entered  for  the  same  quantity. 
The  second  entry  is  the  abbreviation  that  was  used  in  one  or  more  of  the  earlier 
published  editions  of  the  index. 
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Table  I.  Reported  photodeuteron/photoproton  yield*. 


Element 

Ratio 

Maximum 
x-ray  enerfy 
Mer 

Reference 

Beryllium 

0.21* 
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Copper 
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1 
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Fig.  4.  The  elastic  scattering  cross  sections  for  Na,  Mg,  AI,  S,  Ca,  and  Mn.  The  indicated  spread  in  energy  is  the  width  of  the 
differential  discriminator  channel,  and  the  standard  deviations  are  based  only  on  the  number  of  counts.  The  vertical  lines  at  the  top 
represent  the  particle  thresholds  for  the  most  important  isotopes.  The  open  circles  at  the  extreme  right  the  magnitude  of  the 

Thomson  cross  section  for  Z free  protons  scattering  coherently.  The  solid  curve  superimposed  on  the  Al  dsta  is  the  scattering  cross 
section  calculated  from  the  dispersion  relation  by  substituting  for  #.(£)  in  Eq.  (6)  the  sum  of  the  neutron  and  proton  ytek^** 
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Fig.  2.  The  observed  relative  yields  of  photoneutrons  from  the  reaction  S**(y,  n)S*‘  (assuming 
ground  state  neutrons  only)  for  bremsstrahlung  energies  of  22.5  and  25  MeV.  The  P*l(p,  y»)S** 
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Fig.  3.  The  distribution  of  ground  state  y-ray  transitions . 
for  26  levels  in  S’*  assuming  Ej  transjtionfc  Comparisons 
are  with  a Porter-Thomas  and  an  exponential 

distribution.  (Here 

=rnIE* andF(x)dac  - (l/2v'*)(|x)-*  exp(-*x)d*i 
is  the  Porter-Thomas  distribution^ 
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uncertain  by  8 to  10%  because  of  counting  statistics  and  normali- 
zation errors ; in  addition  all  values  depad  a a absolute  normali- 
zation in  terms  of  the  deuteron  photodisintegration  cram  section, 
which  is  known  to  about  10%  at  these  energies. 
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4r(dr/du)m* 
(£.>10  MeV) 
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Jones  and 

Terwilliger*  Costa  at  ai> 

Other 

results 

U 

0.7S 

1.0 

Be 
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2.3 

2.34 

B 

1.0 

1.4 

C 

1J 

U 

1.4 

2.4* 

O 

1J 

1.6 

A1 
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5.5 

4.6 

8* 

S 

2.1 

4.4 

6J* 

Fe 

4J 

16 

12 

Cu 
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20 

19 
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15 

In 
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Sn 

7.0 

Ta 

10.7 

95 

T1 

10.7 

Pb 

8J 
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B1 

13 

U 

16 
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• A venae  cross  sections  between  55  and  *5  MeV.  as  read  from  Fits.  4 
and  5 of  Ret.  4. 

• — yVWdS/SO,  as  taken  from  Fla.  4 at  Ref.  5 and  Tibia  I o f 
Ret.  6. 

• S.  Costa.  L.  PasqnaUai.  C.  Plraaino,  and  L.  Roaaio.  Nuovo  Clmente 
42.  306  (1966). 

4 G.  Bishop.  S.  Casta.  S.  Faroai.  R.  ilaisus.  and  G.  Ricco.  Noose 
CDnento  42.  146  (1966). 
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Table  I 
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Nucleons 

emitted 

Thresh- 
old V 
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Ttrjet 
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isotopes. 

Al"  — • N«“ 

2 p,  n 

3t 

Al 

inn 

Si»  - N*m 
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43 

Si 

92,27 

P»  - 

4 p,  3 n 
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S»  - Na*4 

5 p,  3 a 

78 
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C]m  - N*“ 

0 p,  5 a 
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VH.Cl 
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K*  - N«» 

ftp,  7a 

140 

K,cr>, 

93,08 

Ci“  — N«" 

9 p,  7a 

1 48 

c«o 

96.97 

»:• 


tot  ■ 


FIG.  3.  Dependence  of  P on  number  of  nu- 
cleons which  have  left  the  nucleus. 


*The  threshold  wu  calculated  as  the  binding 
energy  of  the  emitted  nucleons. 


Table  II.  Cross  sections  for 
reactions  in  the  saturation 


region 


Reaction 

?! 

Hr-»cm  1 

Reaction 

at  ] 
to— cm 

Al"-.  Ni» 

18S-21' 

Cl»-Na« 

69-7 

Si"  — Na* 

724-8  | 

K»— Na" 

J5±5 

pn  _ Nau 

71-8  | 

22±3 

— \a:> 

i 9 i 

According  to  the  photomesonic  mechanism,  the  cross 
section  for  the  reaction  can  be  written  in  the  form 

o = OtAP.  (1) 

Her*  7*  is  the  total  cross  section  for  interaction  of 
the  photon  with  a free  nucleon  with  inclusion  of  the 
aucleon  motion  in  the  nucleus  (o0,  as  has  been  shown  by 
Roos  and  Peterson, £S1  depends  only  weakly  on  photon 
Energy  for  Ey  > 300  MeV);  A is  the  number  of  nucleons 
in  the  nucleus,  and  P is  the  probability  that  the  reaction 
tfill  proceed  by  a given  channel. 


FIG.  1 . Cross  section  Oq  per  equivaien 
photon  as  a function  of  maximum  brems- 
strahiung  energy.  Points.  O - Al.  • - Si 

d - P.  A - S,  □ - Cl.  ■ - K,  0 - Ca. 
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Fig.  3.  The  determined  yields  for  the  reactions  ^P^^Na  (filled  circles), —S  -*14Na 
(open  circles)  and  — * ^Ns  (filled  triangles) 
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Fig.  -2.  Ratio  of  experimental  integrated  photoneutron  crosj  section  <r0"  over  the  Thornaa,  Reiche 
and  Kuhn  sum  rule  [0.06  SZIA].  Numerical  values  and  upper  integration  limitf  £M  are  taken  from 
table  3.  Also  d<r0*  = — 7%  for  all  nuclei. 
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Fig.  24.  The  [<ro"/(0.06  NZ/A)]  ratio  as  a function  of  isospin  T.  Possible  overall  errors  of  ±?%  a c 

to  be  applied  to  all  nuciei  shown. 


Table  3 

Experimental  integrated  photoneutron  cross  sections  crj}  = jQM<rTn(£)d£  compared  with  the 
classical  sum  rule  [0.06  NZ'A ] of  Thomas,  Reich  and  Kuhn 
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Fig.  2.  Mean  absolute  cross  section  of  ’*F  photoproduction  vs  the 
target  mass  number.  Open  mangle,  energy  range  0 15-0  *2  GeV. 
Ref  (181-  Filled  circle:  energy  range  0-3-1  GeV  Ref.  (])  Open 
circles,  present  work.  The  curve  has  been  calculated  by  means  of 
Eqn(l). 


Torge*  "lOSS 


Target  mats  number 

Fig.  4.  Mean  absolute  cross  section  of  “Na  photoproduction  vs 
the  target  mass  number.  Filled  circles:  energy  range  0-1-1  GeV. 
Ref.  (20).  Reversed  open  mangle:  energy  range  0-3—1  GeV.  Ref. 
(8)  Open  mangles:  energy  range  0-25-1  GeV.  Ref.  (19).  Open 
circles:  present  work.  The  curve  has  been  calculated  by  means  of 
Eqn(l). 


Table  2.  Cross-section  pe:  equivalent  quantum  i7<j(>ib)  of 
photoproduction  of  "F 


Bremsstrahlung  maximum  energy  E* GeV) 
Target  - — 


nucleus 

0-20 

0 40 

0 55 

0-75 

ICO 

“Na 

590  2 30 

640  2 30 

720  2 30 

7802  30 

830  2 30 

rAl* 

116x7 

17226 

202  2 6 

245  2 5 

270  2 5 

“Si 

80  2 10 

110210 

145  2 10 

170  2 10 

200  r 10 

»ip 

60s  10 

90210 

1302  10 

1502  10 

I8O2IO 

”S 

55  2 10 

90210 

125210 

160210 

1902  10 

’’•"Cl 

185r20 

2302  20 

2702  20 

3102  20 

3502  20 

"K 

35  2 5 

5025 

6525 

75  2 5 

90  = 5 

“Ca 

522 

20  2 3 

35  2 5 

4525 

6025 

Fig.  3.  Mean  absolute  cross  section  of  nNa  photoproduction  vs 

the  target  mass  number.  The  curve  has  been  calculated  by  means 

csumNIVi  of  Eqn(l). 


*The  results  for  nAl  have  already  been  published  (see(3D  and 
art  reported  for  comparison. 
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Table  3.  Cross-section  per  equivalent  quantum  <r0(^b)  of 
photoproduction  of  "Na 


BremsjtrahJung  maximum  energy  E0  (GeV) 
Target  


nucleus 

0 30 

0-40 

0-55 

0-75 

1 00 

nAl 

490  = 20 

560  = 20 

667  = 20 

690  = 20 

745  = 20 

"Si 

290  = 20 

330  = 20 

380  = 20 

430  = 20 

470  = 20 

”P 

230  = 20 

250  = 20 

290  = 20 

330  = 20 

350  = 20 

”S 

206=10 

240=10 

280=10 

320=  10 

350=  10 

,,J,ci 

230=  10 

260=  10 

290=  10 

320=  10 

350  = 10 

"K 

30  = 3 

50  = 5 

65  = 5 

80  = 5 

100  = 5 

*Ca 

5 = 2 

20  = 3 

45=5 

60  = 5 

60  = 5 

Table  4. 

Cross-section  per 

equivalent 

quantum 

S 

ST 

or 

o 

photoproduction  of  ’'Na 

DI 

Bremsstrahlung  maximum  energy  E,  (GeV) 

T aroAf 

nucleus 

0 30 

0-40 

0 55 

075 

100 

”A1* 

370  = 10 

440=10 

500  = 20 

550  = 20 

660  = 20 

"Si 

100  = 10 

140  = 10 

160  = 10 

210=10 

240=10 

"P 

100  = 20 

160  = 20 

200  = 20 

270  = 20 

310  = 20 

”S 

120=10 

160  = 10 

180=10 

210=10 

240=10 

”JTC1 

65  = 10 

100=10 

140=10 

190  = 10 

220=  10 

"K 

20  = 5 

35  = 5 

55=5 

65  = 5 

80  = 5 

*Ca 

12  = 3 

25  = 5 

35  = 5 

50  = 5 

60  = 5 

•The  results  for 17 A1  have  already  been  published  (see [8])  and 
are  reported  for  comparison. 


Table  S.  Mean  absolute  cross-section  <7t(jib) 
in  the  energy  range  0-3—1  GeV 


Target 
nucleus . 

Produced  radionuclide 

"F 

cNa 

“Na 

"Na 

190  = 30 

"Ai* 

120=10 

200  = 20 

220  = 20 

"Si 

100=10 

150  = 20 

120=10 

..p 

100=10 

100  = 20 

180  = 20 

"S 

110=10 

120=10 

100=10 

”J,C1 

135  = 20 

100  = 10 

130=10 

"K 

45=5 

60  = 5 

50  = 5 

"a 

46=5 

60  = 5 

40  = 5 

•The  results  for  the  photoproduction  of  ‘*F 
and  "Na  from  rAl  have  already  been 
published  (Ref.  [3]  and  [8],  respectively). 
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. FIG.  2.  Yield  values  and  the- 
oretical values  according  to  the 
modified  Rudstam  formula  as 
a function  of  the  target  charge 
number  Z,.  Points:  • — ex- 
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TABLE  I.  Experimental  yields  and  reaction  cross  section*  ob- 
tained in  the  measurements  at  the  Erevan  electron  accelerator. 


luftt 

nucieui 

Racoon  yidd.  mb 

Rmctioti  cto* 
«ct*on.  mb 

r, C«v 

2 

s 

LS 

‘ 

ITVi 

Oh  1*0.08 

0.87 

087 

0.072 13*0i0348 

“SI 

0.27*0  02 

0.3 

0—9 

00287*0.013 

11$ 

0.24*0  02 

0.22 

o.r; 

0.0323*0.0153 
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028*0.03 

OJO 

UJS 

— 

••K 

0 1x001 
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0.'5 

0.08*0.0288 

MC* 

oo»«*o.oi 

009 

0.113 

0035*0.0188 

*rv 
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0 ^94*C  02 
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0.062  * 0.025 

0.019 

»»Mu 
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0.087*0017 

0.088*0.015 

0.01076*0.0068 

Co 

0.029x0.000 

0.037*0.007 

O.'  06*0.007 

0.034*0.007 

0.00547±Ql0028 

Sote.  The  reaction  cross  sections  have  been  calculated  in  the  l/£ 
approximation  of  the  bremsstrahlung  spectrum. 
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ENERGY 
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REACTION 
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ENERGY 

SOURCE 
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TYPE  RANGE 

TYPE  RANGE 
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FMF 
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D 187 

MAG-D 

f 

dst 

A 

i 

Fig.  3.  Inelastic  angular  distributions  (observed  cross  section 
divided  by  Fethback  potnt-charge  cross  sections).  The  results  of 
Hahn  a a i.  (’reference  8)  for  Cs  and  of  Fregeau  sod  HofsUdter 
(reftrencs  11)  ara  included  far  comparison. 


FlC.  7.  Inelastic  "universal  curves."  A composite  plot  of 
inelastic  data  from  Mr,  Si,  S,  Ca,  and  Sr  against  qA *.  The  various 
form  factors  are  arbitrarily  normalized  to  minimize  the  spread  of 
points.  The  point  from  sulfur  and  the  point  from  silicon  which 
seem  to  deviate  from  the  "universal  curve”  are  assumed  to  contain 
undetected  experimental  errors.  The  curves  labeled  Mg(£2), 
Sr(£2),  Ca(£3),  and  Sr(£3)  are  calculated  for  electric -ouadrupole 
and-octupole  transitions  using  the  "smeared  l-function"  transition 
charge  densities  of  Sec.  V,  and  are  arbitrarily  normalised. 
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Notes 


No  peak  was  found  in  cross  sections 
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Transition  to  second  excited  state  (3*81  MeV)  is  certainly 
not  E2,  but  is  perhaps  EO. 
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.-energy 
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Fig.  3.  Decay  scheme  for  the  9.21 , 9.29  and  9.39  MeV  levels  of  **S.  Known  levels,  which  do  not  aopev 
to  participate  m these  cascades,  are  shown  only  at  the  right-hand  edge.  The  spin  assignments  for  the 
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than  a factor  of  two.  Some  weak  branches  may  have  been  missed. 
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Fig.  10.  Experimental  angular  distribution 
function  of  the  9.48  MeV  transition  at  the  642 
keV  resonance.  The  curve  has  not  been  cor- 
rected for  the  solid  angle  of  the  detector. 


Fig.  12.  Experimental  angular  distribution 
function  of  the  9.94  MeV  transition  at  the 
1116  keV  resonance.  The  curve  has  not  been 
corrected  for  the  solid  angle  of  the  detector. 
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Fig.  3.  The  experimental  form  factor*  obtained  for  the  level  at  2.24  MeV.  The  result*  of  Helm  l) 
(square*)  and  of  Bishop  and  Proca')  (open  circles)  are  included  for  comparison.  The  full  line  repre- 
sents the  expression  F , — ;,'(?fl>«xp(— g'q*)  multiplied  by  the  normalizing  factor  — (6.26)  • 10_*. 
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Fig.  6.  The  experimental  form  factors  obtained  for  the  level  at  3.01  MeV.  The  full  line  represents 
the  expression  F,  multiplied  by  the  normalizing  factor  /3,  — 1.26  • 10~l 
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Fig.  8.  The  experimental  form  factors  for  the  peak  observed  at  6.6±0.2  MeV.  The  full  lines  repre- 
sent the  expressions  /?, Fx  and ^ Ft  with  Pl  - At<«*)«p(-«V).A  - 3.68  • lO-»and/Jt  - 4.42-10-*. 
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Fig.  9.  The  experimental  form  factors  observed  for  the  peak  at  7.2±0.1  MeV.  The  full  lines 
represent  respectively  the  expressions  0,  F,  and  /?,  F,  with  ^ = 3.35  ■ 10~*  and  /?,  — 3.35  • 10-*. 
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Fi*  10.  The  experimentAi  form  factors  observed  for  the  peak  at  7.7±0.2  MeV.  The  full  lines  — 
represent  respectively  the  expressions  0,F,  and  0,F,  where  0,  - 2.5  • 10**  and  0,  - 1.52  • 10**.  gg 
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Fig.  11.  The  experimental  form  factors  observed  for  the  peak  at  8.3  ±0.2  MeV.  The  full  line 
represents  the  expression  j3,  F,  where  =»  1.93  • 10_*. 
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The  value  of  P is  to  be  compared  with  7 for  the  case  of  a single  E3  transition  and  6 for  the  other  two 
hypotheses. 


Table  3 

Analysis  of  the  peak  at  6.6  MeV 


Multipole  EX 

10-* 

Reduced  transition  probability 

P 

R(E2  0 )/B„ 

(El 
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Analysis  of  the  peak  at  7.7  MeV 


.Multipole  E2 

0a  x 10** 

Reduced  transition  probability 

P 

B(EX  1)  )/B. , 

E0 

0.066  x 0.008 

3.27 

E3 

(1.95±0.25) 

(7.8  ±1)  (-76)  cm* 

8.4 

1.8 

1 E2 

(0.25  ±0.03) 

(7.99  ± 1 ) (-52)  cm* 

4.47 

0.2 

l E3 

(l.52±0.2  ) 

(6.1  ±0.76)(— 76)  cm* 

1.4 

E2 

(0.557x0.072) 

( 1 7.8 ± 2.3 ) (-52)  cm* 

2.49 

0.57 

E4 

(2.89x0.38) 

(14.5x1.9)  (-101)  cm* 

2.5 

£2 

(0.664  x 0.85) 

(21.2±2.7)  (-52)  cm* 

3.56 

0.7 

E5 

(9.89  ±1.3) 

(6.2±0.5)  (-125)  cm1* 

7.8 

The  value  of  P ia  to  be  compared  with  7 for  a single  transition  and  6 for  a doublet. 
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REF.  NO. 

64  Sm  1 


NVB 


P.J.M.  S«uld«rs 

Phyetca  JO,  1197-1207  (1964) 


method 


Van  de  Graaff;  Si(a,y)S,  P*^(p,y)S^ 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RAN  GC 

TYPE  RANG* 

A.G 

ABY 

9-10 

D 2-3 

NAI-D 

DST 

».G 

ABY 

9-10 

D 0-1 

NAI-D 

DST 

J-PI.  WIDTHS 


At  642.1  keV  resonance,  the  (p,yQ)  angular  distribution  is  W(Q)  = 1 - (0.273  ± O.O15)P2(Coa0) 


Fig.  3.  Angular  distributions  of  y0  at  the  2.878  and  2.904  MeV  4«Si(«.  y)«S  resonances 
measured  with  a 10  x 10  cm  Nal  crystal  at  10  cm  from  the  targe' . The  curves  corre- 
spond to  the  theoretical  expressions  for  J*  = 2*  and  1 r spectively. 


I 


1 

1 


, FORM  NBS-41S 
, (REV.  7-1  4. Ml 

USC  OMM-OC  26  0 1 0.  PS 4 


Fig.  4.  Angular  distributions  of  y0  and  yi,  and  angular  correlations  of  the  cascade 
(r)  -►  (1)  -*>  (0)  in  geometries  I and  II,  as  measured  at  the  3.162  MeV  28Si(<*  y)1JS 
resonance.  The  curves  correspond  to  the  theoretical  expressions  for  resonance  spin 
2+  and  E2/M 1 amplitude  ratio  of  yx  * = -rO.10.  Two  10  x 10  cm  Nal  crystals  were 
used,  both  at  10  cm  from  the  target. 
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REF. 


P.J.M.  SmuLders 

Physical,  1197-1207  (1964) 


method 

Van  de  Graaff;  S1(<j,y)S,  P^^(p,y)S^^ 


REF.  NO. 
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64  So  1 


16 


NVB 


REACTION 


RESULT 


EXCITATION 

ENERGY 


SOURCE 


DETECTOR 


TA  1(1. K I 


Resonances  in  the  '‘Site,  y)**S  reaction 

1 

2 

3 

♦ 

5 

6 

E.(MeV) 

E.(McV) 
(Q- 6.946  MeV) 

Observed  y 
transitions 

Tys/T ye 

(2 / -nr./ynev) 

•) 

r 

2.618 

9.236 

yt.  2.24 

<0.1 

0.3 

i- 

2.878 

9.464 

yo.  yu  2.24 

l.S 

0.4 

2* 

2.904 

9.487 

ye 

>5 

0.7 

1“ 

3.162 

all  ± 4 keV 

9.713 

Yt.  yt.  4-5. St) 
2.51,  2.24 

0.15 

0.2**) 

2* 

ANGLE 


WIDTHS 


•)  Only  y»  and  yt  are  included  in  the  yields. 

••)  At  this  resonance  the  total  strength  is  m 0.3  cV. 
t)  see  test. 


TABLE.  II 


*'P(P.  y)MS  resonanrrs,  corrr»p«*nriing  m yl,JS  rrsnnane.  < <<(  table  [ 


Ey(keV) 

E,tkeV) 

[Q  — 8862.6  keV) 

J 

(2y  i-  tmvo  < rrl)' 

x r,  ry(cV) 

,27  i i)  r,i\;r 

(eV) 

l il.  i-rvril  y 
transitions 

C.utrs^H.nillllit 
(a,  y)  resonance 
(MeV) 

3Q6 

<0.00015 

<0.00015 

ionc 

2.618 

618.94-1.0 

9462 

0.003 

0.003 

'o.  yt 

2.878 

642.1  ± 1.0 

9485 

1 

0.19 

0 .23 

ye;  see  text 

2.904 

875.5  ± 1.4 

9711 

0.02 

0.03 

'o.  yi 

3.162 

* 

I 

I 

■ 


TABLE  III 


Comparison  of  yield  measurements  of  *' P(p.  y)”S  resonances  by  different  authors. 

(All  strengths  in  cV). 

Resonance  energy 

Measured  quantity 

Present  work 

Other  authors 

(keV) 

(a) 

(b) 

(c) 

440 

(2/  + I)  [PplD  X /"y0 

0.042 

0.067 

0.052 

540 

(2/+  1)  (TplD  X ryi 

0.25 

0.25 

812 

(27t.i)(r,/n  x ry, 

0.5 

1.8 

820 

(2/4-d  (r,/n  x 

0.17 

0.36 

(a)  Chagnon  and  Treado,  ret.  10. 

(b)  Ter  Veld  and  Brinkman,  ref.  II. 
(e)  Paul  a of.,  ret.  12. 


TABLE  IV 


Radiative  widths  in  J1S 


£.(McV) 

Ty(eV) 

r yo(cV) 

type  ol  yo 

ry0(cV) 

type  nf  yt 

|.Vf!*(iC2) 

l.W|*(El) 

|A/|*(M1) 

9.236 

9.464 

>0.1 

0.08 

0.06 

E2 

>0.1 

0.02 

El 

Ml  •) 

0.07 

>3.10-« 

3.10-»*) 

9.487 

9.713 

0.37 

>0.06 

0.30 

>0.01 

El 

E2 

7 1 0.05 

Ml 

>0.01 

3.10-« 

>5.10-* 

•)  The  E2/MI  mixing  ratio  of  yi  for  this  level  was  n<>t  actually  measured,  but  is  assumed  to  be  smalL 
The  value  of  |A/|*  (Ml)  for  this  level  thus  may  be  considered  as  an  upper  limit. 


rom*  MBS-411 

(A  (V.  7-1  4- Ml 

USCOfcM-OC  2I010-R«4 


PHOTONUCLEAR  DATA  SHEET  73 


U.S.  DEPARTMENT  OR  COMMERCE 
NATIONAL  BUREAU  OP  IT  ANOAROS 


4 


U.  Amaldi,  Jr.,  G.  Campos  Venuti,  G.  CorteLLessa,  G. 

A.  Reale,  P.  Salvador! 

Rend.  Acc.  Naz.  Lincei  J2,  470  (1965) 


METHOD 


Fronterotta, 


ELEM.  SYM. 


REF.  NO. 


32 


16 


65  Am  2 


egf 


REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E,E/P 

RLY 

0-120 

D 500-630 

MAG-D  408 

51 

[■able  gives  parameters  of  Maxwellian  distributions  used  to  fit  data.  100  MEV  P COINC 


Fiff.  1. 


Table  I. 

h 

(counting  rate) 

0 (MeV) 

jro(MeV) 

0.84  x 0*13 

27-S  ± 3 

523.2  ± 2.2 

0.23  = 0.08 

3r  ± n 

553  ± 7 

O.17  X 0-04 

59  ± 17 

593  ± 9 

Table  III. 


Possible  attribution 

Binding  Energy  (MeV) 

2S-ld 

15.0  ± 2.2 

1 P 

44  ±7 

IS 

72  ±9 
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METHOD 


Jone  s 


£L  EM.  S I'M.  A 


s 


REF.  NO. 


L 


32 


16 
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65  De  1 


EGF 


REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

DETECTOR 

angle 

TYPE  RANGE 

TYPE  RANGE 

P,G 

ABX 

10  - 21 

D 2-  12 

NAI-D  10-22 

DST 

Fit  angular  distribution  to  A-t-Bsln39-t-Csin39cos6-t-Dsln39cosa9. 
See  article  for  detailed  results  as  function  of  energy. 

Sees  some  effect  of  E2  absorption. 


Fig.  3.  Excitation  function  at  90*;  yield  in(  /ib/sr)  against  proton  energy  in  centre  of  mass  (MeV). 
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REF.  NO. 

65  De  1 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

oetector 

ANGLE 

type  range 

TYPE  RANGE 

Fig.  4.  Typical  angular  distributions. 
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Phy*.  Letters  _1^,  223  (1965) 


MITMOO 


Webb 


S 


REF.  NO. 


32 


16 


Radioactivity  yield  curve 


65  Th  l 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

TYPE  RANOt 

TYPE  RANGE 

ANGLE 

GfN 

ABX 

THR  - 22 

C 15-22 

ACT- 1 

4PI 

Absolute  yield  based  on  comparison  with  Al37 
yield  at  21.8  MeV.  Al37  yield  normalized  to 
Barber,  George  and  Reagan  C13. 


PHOTON  ENERGY  (M«V) 
Flf.  1.  Croat  •action  for  tbs  S33(y.  n)S31  reaction. 


Table  1 

Structure  in  tbe  s32(Yi  n)S3l  croea  taction. 


E (MeV) 

f a <a  (MsV 

■ mb)  E (MeV)  / 

a dX  (MsV  . mb) 

. 15.7 

0.8 

18.5 

2.0 

16.0 

0.6 

18.9 

5.5 

16.8 

2.0 

19.2 

6 .5 

(17.1) 

0.8 

19.55 

7.0 

17.5 

2.5 

19.9 

7.5 

17.7 

2.5 

20.3 

7.5 

18.2 

4.6 

(20.66) 

4.0 

21 J 

6.5 
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v.egrated  cross  sections  for  tbs  reaction  S32(y.  n)S3l. 


t (MeV) 

“71 

J o(E)  d£  (MeV  ■ mb) 

Reference 

22.1 

64  a 7 

This  experiment 

22 

05  ± 5 

[9] 

22.5 

60  ± 6 

[10] 

23 

87 

(HI 

22 

44 
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P . H amine  1 
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REF.  NO. 

65  Va  3 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,NP 

ABX 

50  - 300 

C 50-300 

ACT- 1 

4PI 

Fio.  2.  Crow  section*  (or  the  SB(r,n^)P-  reaction.  The  data 
points  are  the  results  from  the  present  study.  The  insert  shows  the 
normalized  low-energy  results  of  Bcnsrmfn  tt  al.  (Ref.  13).  The 
solid  line  shown  the  calculated  coatribntion  to  the  crow  section 
from  events  associated  with  ^sasUaWeron  adsorption  processes. 


Table  1.  Integrated  crow  sections  for  the  SB(y,*£)P—, 
Ca«(-r,»p)K“«,  and  Zn**(y>»»Cu«‘  reactions. 


/ HE  (MeV  mb) 

J* 

(MeV)  S»(7.»A)f*  C**(y,n»K"*  Zn"(y,np)Cu* 


so 

64*2 

31*1 

128*3 

100 

79*5 

3S  ±5 

160*7 

140 

81  ±6 

35*7 

160*20 

200 

107*8 

43*9 

270*30 

250 

150*10 

72*11 

370*45 

300 

190*11 

88*14 

400*60 
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REF.  NO. 

66  Bi  1 


JDM 


REACTION 


RESULT 


EXCITATION 

ENERGY 


SOURCE 


OETECTOR 


ANGLE 


G.N 


ABX 


20  - 200 


20  - 200 


BF3-I 


J£L 


Tablk  I.  - In  thi*  Table  are  given  tits  cro»*-»eetione  measured  in  millibam  averaged 
over  the  energy  range*  indicated  in  column  l.  The  contribution*  from  the  internal 
(i)  end  extern  el  (E)  counter*  edd  together  to  giro  the  total  (T)  croee-eection. 


»*c 

1 

"A1 

3 I 

r 

3.86 

10.15 

i 

7.15 

Three.  -r  40  MeV 

E 

0.38 

0.80 

0.70 

i 

3.28 

9.35 

6.45 

T 

2.52 

7.80 

8.78 

(40 -r  80)  MeV 

E 

0.94 

1.35 

1.48 

I 

1.58 

8.45 

5.30 

T 

2.55 

7.70 

6.12 

(80 -r  120)  MeV 

E 

1.13 

1.87 

2.37 

I 

1.42 

5.83 

3.73 

T 

2.80 

9.18 

8.58 

(120  + 180)  MeV 

E 

1.36 

3.00 

3.86 

I 

1.44 

6.18 

2.92 

T 

3.18 

13.40 

12 

( 180  -r  200)  MeV 

E 

1.48 

5.28 

3.80 

I 

1.70 

8.15 

8.6 

2L - 


Fig.  9.  - Total  neutron  integral  croea- 
seotion*. 


Fig.  10.  - Total  neutron  differential 
section*. 
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REF.  NO. 

66  Bi  1 


JDM 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

type  range 

Table  II.  - In  this  table  the  data  from  Table  I are  treated,  a*  discussed  tn  the  text  to  give 
cross- sections  corresponding  to  photoneutrons  in  like  approximate  energy  ranges  (Or- 15)  MeV 
and  above  15 MeV.  Thus  the  result  a)  corresponds  to  the  relation  «■/- 0.423,  and 

b)  corresponds  to  b =»  1.4  -K. 


l»C 

*»A1 

3 

Three. -i-  40  MeV 

a) 

3.13 

9.03 

6.17 

b) 

0.63 

1.12 

0.98 

(40 -r  80)  MeV 

<») 

1.20 

5.91 

4.71 

b) 

1.32 

1.89 

2.07 

(80  -j- 120)  MeV 

Cft) 

0.97 

6.08 

3.35 

b) 

1.68 

2.62 

3.35 

( 120 -r  160)  MeV 

a) 

0.90 

4.98 

1.46 

b) 

1.90 

4.20 

5.12 

( 160 -r 200)  MeV 

a)  -I  -OAK.  I -Int 

ft)  — S’ 1.4,  ti  - ext 

<») 

1.11 

6.05 

6.95 

6) 

counter. 

counter. 

2.07 

7.35 

5.05 

ANGLE 


Table  IV.  - Tike  total  absorption  cross-irriion  for  y •rays  is  calculated  by  dividing  the 
total  neutron  production  cross-section  by  the  neutron  multiplicity.  The  result  is  given 
in  the  first  column  under  each  element  ;muI,  for  comparison,  in  the  second  column  the 
▼slue  of  b is  inserted  from  Table  II. 


lIC 

”A1 

8 

(40  -r  80)  MeV 

2.2 

1.3 

0.0 

1.9 

5.2 

2.1 

(80-7-120)  MeV 

1.8 

1.6 

4.7 

2.6 

3.7 

3.4 

(120-7-160)  MeV 

1.8 

1.9 

4.6 

4.2 

3.4 

5.1 

(1604-200)  MeV 

1.7 

2.1 

5.7 

7.4 

5.1 

5.1 

Table  VI. 


<*1. u*.  (M) 

O-t-35 

0|.tn* 

35 -r  140 

0|.ta» 

0i»*  (B.L.) 

I 

t 

E 

4 

ft 

• 

C 

144 

220 

364  ± 40 

373 

252 

A1 

344 

590 

934  ± 100 

840 

567 

3 

466 

382 

848  ± 90 

990 

670 

i 
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METMOO 


REF.  NO. 

66  Ho  1 


JDM 


EXCITATION 

ENEROY 

SOURCE 

OETECTOR 

REACT  lOSt 

RESULT 

TY*f 

AANM 

TY  A* 

AAN«t 

ANGLE 

PaS 

SPC 

10 

D 

1 

NAI-D 

o 

1 

•H 

55 

f 3 

W1 

i 

o 


910 

o 


31  p\  32/-> 

r( p.k)  O 


1 000 


500 


YIELD  CURVE  WITH  19F 
RESONANCE  SUBTRACTED 


093 


800 


cssftm 


200  - 


100  - 


Ej« 7.0-11.5  M«V 
1146 

4 

nsi 


T148 


100  - 

893 

\ 

887 

50  - 

i 819 

k 

l\ 

E|  ■7.0-11.5  M*V 


• 952 
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Fig.  B The  decay  of  resonance  state*  excited  in  thenP(p,y)*t3  reaction  as  found  in  the  present 
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Experimental  data  and  result* 


Element 

Mg 

Al 

S 

Ni 

Cu 

Zn 

Error  (%) 

target  thickness  (mg/cm1) 

OS  1 

1.54 

0.80 

2.50 

2.68 

3.00 

5*) 

dose  (r) 

6190 

25400 

23200 

3880 

5840 

4220 

10 

yield  absolute  (I0*/mole  r) 
for  Em  > 3.16  MeV 

0.61 

0.93 

1.46 

1.65 

0.92 

2.42 

11  M 

yield  relative  to  Ni 

0.36 

0.56 

0.88 

1 

0.55 

1.43 

5‘) 

ry.JYy.,0 1<%) 

9.6 

11.4 

12.4 

7.0 

3.2 

6) 

nuclear  temp.  0 (MeV) 

1.43 

1.48 

1.46 

1.04 

0.91 

10 

level  density  parameter  a 
(MeV-') 

5.1 

4.8 

4.9 

8.6 

10.8 

10 

»)  For  S,  the  error  of  the  target  thickness  has  been  10  %,  of  the  absolute  yield  14  % and  of  the  relative  yield  10  %. 
*)  For  Zn  a is  not  known. 
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Fig.  4.  Position  of  the  peaks  in  different  photoalpha  spectra  plotted  against  Z of  the  target  nuclei. 
« : Scheer  el  al “),  ■ : Kregar  and  Povh*).  A : Meneghetti  and  Vitale*),  ♦ : Erdos  el  al  *), 
Ot  Komar  ei  al1),  • : this  work.  The  signs  show  the  position  of  the  maximum,  the  bars  give  the 
widhs  at  half  maximum.  The  curve  shows  the  height  of  the  Coulomb  barrier. 
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S31(r*n)  croea  section  has  been  measured  fros  threshold  to  22  MeV1)  in  $0  kaV  steps, 
and  from  20  MsV  to  32  HeV  in  2S0  keV  steps.  The  yisld  of  S“  was  measured  by  coisitin*  ths 
annihilation  radiation  frc*  the  2.6  second  «*-activity.  The  yield  curve  was  mlyeed  by  the 
Leiae- Penfold  method  to  pive  the  cross  section.  Considerable  structure  is  indicated  even  in 
the  poorer  resolution  part  of  the  measurement. 

The  particle-hole  calculation2 5 of  the  dipola  states  of  S«  predicts  ths  giant  reaorunce 
maxiimja  to  bs  at  about  19  MeV,  in  pood  agreement  with  the  experimsital  result.  In  addition, 
strenrty  absorbing  states  are  predicted  at  22  and  29  MeV.  However,  there  is  far  more  rtructura 
in  ths  experimental  cross  section  than  can  be  explained  on  this  single  basis. 

Ccnesqusntly,  ths  experimental  data  has  been  coopered  with  a calculation  of  the  giant 
resonance  structure,  including  collective  correlations.  The  dipole  states  were  treated  in  ths 
particle-hols  framework , «xi  the  surface  vibration  phonons  within  the  collective  nedel.  The 
coupling  of  the  particle-bole  states  with  the  eurfaoe  phonons  is  then  treated  in  particle-hols 
language.  Ths  paranetere  for  the  collective  quadripole  oscillator  were  taken  frcai  ths  low 
energy  spectn*  of  S5J , idiile  the  strength  of  the  residual  Interaction  in  the  partids-hsls 
framework  remained  as  a free  parameter.  The  agreement  with  cxpsrlssnt  is  show  in  Fig.  1 axj 
is  excellent. 
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Fig.  1.  Cross  section  for  elements  In  the  s-d  shell  as 
a function  of  EA^*.  Tho  vortical  line  is  only  an  aid  to 
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Fig.  2.  A dependence  of  structure.  A qualitative  esti- 
mate for  the  statistical  validity  for  structure  is  also 
Indicated.  The  solid  straight  lines  have  the  form  mA  ♦ 
* 8 MeV  while  the  dashed  line  represents  the  position 
of  the  Is  level  as  determined  from  (e,e‘p)  experiments. 
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Fig.  IS.  The  absolute  cross  section  for  the  reaction  “Si  (a,  y,)aS  as  a function  of  the  energy  of  the 
incident  a-beam.  It  was  calculated  on  the  assumption  that  the  angular  distributions  had  a sin*  9 
dependence  (typical  for  an  electric-dipole  transition)  over  the  entire  studied  energy  region.  The 
SiO  target  bad  a thickness  of  520  pg/cm*. 


Fig.  16.  The  angular  distribution  of  the  “Si(ot,}'()nS  reaction  at  £.  — 8.3  and  10.3  MeV. 


i 


i 


form  MBS-41S 

(REV.  7-14.64) 
U3COMM.OC  26  010. Rea 


PHOTONUCLEAR  DATA  SHEET  88 


U.3.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 


L.  Meyer-Schutzmeister . Z.  Vager,  R.  E.  Segel  and  P.  P.  Singh 
Nucl.  Phys.  A1G8,  180  (1968) 


ELEM.  SVM.  A 


32 


16 


METHOO 


Page  2 of  2] 


REF.  NO. 

68  Me  1 


EGF 


reaction 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

Tail*  1 

The  averaged  absolute  cross  sections  <r(oLy«)  and  <j(«,  y,)  for  the  reactions  "Mg(et,  y#),  "Mg(o,yi), 

-Mg(i.yt)  and  »Si(«,y,) 


"Mg(i,  y)"Si  "Mg(ouy.)“Si  “Si(«,y.)»S 


AE. 

(MeV) 

<r(«,y.) 

Orb) 

<r(«.  yi) 
Oib) 

4£, 

(MeV) 

»(«,  y») 

(A«b) 

AE. 

(MeV) 

<?(*./•) 

Oib) 

14.65-16.65 

8.5 

5.0 

14.1-16.1 

6.1 

13.1-15.5 

1.7 

16.65-18.65 

12.9 

6.1 

16.1-18.1 

9.7 

15.5-17.5 

2.2 

18.65-20.65 

11.0 

8.6 

18.1-20.1 

4.6 

20.65-22.65 

2.1 

5.6 

20.1-22.1 

1.0 

14.65-22.65 

8.6 

6.3 

14.1-22.1 

5.3 

13.1-17.5 

1.9 

The  cross  sections  in  the  first  four  rows  were  obtained  from  the  data  in  figs.  3-6  and  15  by  averaging 
over  the  indicated  2 MeV  ranges  of  excitation  energy  £,  in  the  product  nucleus  ("Si,  "Si  or  **S). 
The  last  line  gives  the  average  for  the  entire  energy  range  that  was  studied. 
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<»(y.  «•) 
(mb) 

o(r.  Pa) 
(mb) 

«(y.  ok)  y,(«e)/y*0>») 

<t(y.  Ik)  / - 1 / - 3 

"SI 

16.65-18.65 

1.01 

6.2 

0.16  0.35  0.12 

18.65-20.65 

0.94 

11.7 

0.080  0.095  0.041 

20.65-22.65 

0.22 

9.6 

0.023  0.019  0.011 

16.65-22.65 

0.72 

9.2 

0.08 

"Si 

14.1  -16.1 

0.43 

16.1  -18.1 

0.69 

18.1  -20.1 
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"S 

13.1  -15.5 
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2.1 

0.13 

17.5  — 1 9.3  ^ 

3.0 

13.1  -17.5 

0.23 

1.9 

0.12 

The  averages  were  taken  over  <w  2 MeV  wide  energy  regions  AE  and  over  the  total  studied  energy 
region  of  the  giant  dipole  resonance.  These  cross  sections  were  obtained  by  detailed  balance  from  the 
e-capture  in  "Mg,  "Mg  and  "Si.  For  comparison,  the  average  cross  sections  <r(y,  p»)  over  the  same 
energy  regions  AE  for  the  reactions  **Si(y,  p«)*’Al  and  “S(y,  p»)"P  are  also  presented.  These  likewise 
were  obtained  by  detailed  balance  from  the  inverse  reactions  as  measured  by  Singh  el  al.  •)  and  by 
Dearnaley  ti  al. •).  For  the  calculation,  we  assumed  an  isotropic  angular  distribution  for  the  "Si(y,p») 
reaction,  a-sin1  0 distribution  for  "S(y,  p,).  In  addition,  the  ratios  o(y,  a«)/o(y,  p»)  are  given  for  both 
"Si  and  "S  and  also  the  calculated  reduced  width  y*(*,)/y,(Pt)  for  an  orbital-angular-momentura 
transfer  of  / * 1 and  of  / — 3 in  the  decay  of  "SL 
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Tabic  II.  Anisotropic  factor  B/A  of  angular  distributions  determined  by  least-squares  fits  with 
A-r3$\n-0. 
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l7.0.VeV) 

(^nm 

= 24.0  MeV) 

(Curve  D in  Fig.  3) 

£,(McV) 

B/A 

EX  MeV) 

B/A 

£^MeV) 

B,  A 
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2. 7x1. 2 

OO*1 

a)  The  notation  oo  indicates  that  the  distribution  is  almost  sin2  d.  It  is  used  when  the  result  has  »ux>nger- 
maximum  than  that  of  1 — 10  sin*  d?. 


Table  III.  Anisotropic  factor  BIA  of  angular  distributions  estimated  for  the  groups  of  strong  transitions. 
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a)  Tbs  numerical  number  indicitir  the  maximum  nsrgy  of  ttm  hr— inliliiRg  irradiated  for  the  data. 
D shows  the  difference  between  the  two  distributions.  (j>,  n)  shows  the  inverse  reaction  data. 

b)  The  nmitae*  indicates  that  the  distribution  i*  almost  sin*  9,  /.*.,  the  result  has  stronger  maximum 
than  l + lWfn‘0. 


FORM  N8S-41S 

(RSV.  7-14.641 
USCOMM-OC  260 1 0* P64 


PHOTOHUCLEAR  DATA  SHEET  90 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  ST  ANOAROI 


K.  Shoda,  K.  Abe,  T.  Lshizuka,  N.  Kawatnura,  M.  Oyamada, 

ELEM.  SYM. 

A 

z 

and  Baik-Nung  Sung 

J.  Phys.  Soc.  Japan  2£,  664  (1968) 

s 

32 

16 

METHOD 

["Page  2 of  2] 

REF.  NO. 

68  Sh 

3 

egf 

I 

RESULT 

EXCITATION 

SOURCE 

detector 

] 

reaction 

ENERGY 

TYPE  RANGE 

TYPE  RANGE 

ANGLE 

i 

1 

1 

1 

Fig.  3.  Energy  distributions  of  photoprotom  from 
US  irradiated  with  17.0  MeV  24.0  MeV  brems- 
strahlung.  See  also  the  caption  of  Fig.  1 for 
curves  D.  a and  6.  Here  a and  6 correspond  to 
the  ground  and  5.0  MeV  state  of  residual  nucleus 
respectively.  Curve  a«  is  the  component  spectrum 
on  residual  ground  state  calculated  from  the  *'P(p, 
r«)**S  reaction. >•  Curve  4 is  a difference  spearum 
between  a,  and  D. 


Fig.  7.  Angular  distributions  of  photoprotons  from 
US  irradiated  with  24.0  MeV  bremsstrahlung. 
Curves  from  least-squares  fits  are  shown.  (See 
also  Table  II.) 
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Previously,  It  was  shown  that  Inelastic  scattering  of  electrons 
on  IJC  and  !*Sl  nuclei  at  large  excitation  energies  of  the  first  coa- 
tiniuum  in  the  electron  spectrum  can  be  described  by  the  mecha- 
nism of  quasi -elastic  scattering  on  Intra -nuclear  nucleons.  Data 
obtained  for  scattering  of  1115-MeV  electrons  on  BS  nuclei  in  tha 
region  of  the  quasi-elastic  contlnlnum  at  17.S,  21,  27.5,  31,  and 
3-4*  were  analyzed.  It  was  observed  that  the  mean  square  radius 
of  the  distribution  of  the  charge  in  a9  nucleus  (Z*)1*  • 2.5  ± 0.2f. 
obtained  on  the  basis  of  the  quasi-elastle  method,  differed  2C fk 
from  the  (Z2.r<  = 3.121  magnitude  obtained  by  the  method  of  elas- 
tic electron  scattering.  A similar  discrepancy  (13%)  was  observed 
earlier  in  the  case  of  12C  and  !*S  radii  calculated  according  to  the 
quasi -elastic  electron  scattering  and  elastlo  electron  scattering. 
(R.V.J.) 
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Table  I.  Absolute  differential  cross  sections  and  form 
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and  31  MeV 
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Table  IH.  Fine  structure  of  SM  giant  resonance 
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FIG.  1.  Energy  spectra  of  electrons  meUiucaily  scattered  with  exci- 
tation of  the  pant  resonance  in  S“.  Initial  electron  energy  is  E„  ■ 

100  MeV,  a - 9 - 40*.  q - 131  MeV/c;  b - 9 - 50*.  q • 161  MeV/c; 
c - 9 ■ 60* , q ■ 190  MeV/c. 


FIG.  2.  The  quantity  zJFj(q)/4* 
[(A*/2q*)  ♦ tg1  (9/2)1  for  the  S“  pant 
resonance,  as  a function  of  momen- 
tum transfer.  Points:  O - our  data; 
point  in  lower  left  comer  - photon 
point.  (*1 
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Note,  x1  is  the  entenon  of  quality  of  fit.  n is  the  number  of  degrees  of 
freedom.  B<E  1.0*  -»  1")  is  the  reduced  transition  probability.  rT  and  C are 
the  radiative  width  and  the  collectrveness  of  the  transition.  C,  and  B,  are 
the  oscillator  parameters  of  the  nucleua.fl,d  is  the  deformauon  parameter 
(f  II  r II  i)  and  (f  II  r*  ||  i>  are  the  transition  matrix  elements,  and  Rtraru  u the 
transition  ridius  of  the  nucleus. 
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Fig.  3.  (b)  Excitation  function*  for  the  reaction*  *‘P(p,yo)MS  and  *1P(p,yi),1S*  *t#  - 160*  taken 
with  the  24  cm  x 30  cm  Nai(Tl)  cryttai. 
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Pig.  4.  Excitation  functions  for  the  reaction  IlP(p,  y*)**S  it#  - 45*,  75*,  90*  and  105*  obtained  with  12.5  cmx  15  cm  NalfTl) 

crystal*. 
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Lifetime  measurements  for  ground  state  decays 
were  made  for  levels  at:  4*280 ,4*694,5 .006, 
j 5.544  MeV. 


32s  BRANOUG  RATIOS 


Fro.  5.  Summary  of  the  measured  branching  ratios  (or  the  low- 
lying  states  in  *S. 


Fro.  6.  Primary  angular  distributions  tneawued  at  the  i. 248- MeV 
resoAaace.  Sotid  curves  are  I rest  squares  fits  to  Eq.  (4). 


Table  II.  Summary  of  lifetime  measurements. 
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Fig.  4.  The  least-structure  cross-section  solution  for  the  reactions  “Sfy,  n)J,S  and  J,S(y,  2n),0S  is 
shown.  The  cross  section  is  most  accurately  represented  by  a = 1.0  (T.-0.8<7j.  since  the  experimental 
timing  cycle  was  less  efficient  for  accumulating  ,0S  yield  than  for  J,S  yield  because  of  the  half-lifa 
s differences. 
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LEVELS:  1.26.  2.23 


The  35-MeV  betatron  at  the  Nuclear  Physics  Institute,  Moscow  State  University,  has  been  used  in  con- 
junction with  a Ge(Li)  detector  of  volume  20  cm1  to  obtain  y-ray  spectra  from  the  reactions  S1I(y,  py') 
and  SJ,(y , ny').  Peaks  are  observed  in  the  spectrum  at  y-ray  energies  of  1.26  and  2.23  MeV.  The  ab- 
solute values  of  the  integrated  cross  sections  in  these  peaks  are  respectively  40  and  90  MeV- mb. 
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Spectrum  of  7 ray*  from  the  reactions  SM  (7.  py*)  and  S**(7«  n7’)- 
The  energy  scale  correspond*  to  the  photopeak. 
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104,98 
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35,08 

117,04 
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33,39 
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1.44  (1,7) 
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32,04 
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1.39  (2,0) 

3,11  ±021 

3IJ6 
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116,94 

0,232 

5.53  (2,2) 
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0,58  (3.1) 

5.10  ±0,39 
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58,38 

116,94 
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5,61  (1,9) 

38,70  ±268 
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129,03 

0231 

527  (0,9) 

21,98  ±1,34 

V3- 
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141.11 
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5.58  (1.3) 

1272  ±0,81 

51.28 
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5,69  (1,9) 

6,00  ±0,42 
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104,96 

0,145 

2,05  (1.6) 

49.60  ±3,13 

49,97 

104,96 
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2,10  (1,4) 

50,68  ±3,09 

46,77 

116,94 

0,146 

223  (22) 

33,90  ±231 
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44.28 

129,03 

0,146 

2,14  (2,0) 

19,48  ±1,29 

42.44 

141.11 

0,146 

220  (1.7) 
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41,23 
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0.56  (4.0) 
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Fig.  3.  MeBergebnisse  fur  Monopoluberginge  in  24Mg(6,44  McV),  2851(4,98  Und 
6,69  MeV),  3IS(3,78  MeV)  und  *>01(3,35  MeV)  ais  Funktion  von  q1.  Die  cinge> 
tragenen  MeBpunkte  und  die  zugehorigen  Kurven  gelten  fflr  eine  Auswertung  mil 
fc,  x,  und  x2  nach  Model]  I.  Fur  28si(4,98)  sind  nur  die  aus  ajaE  und  D f*  berechneten 
longnudinalen  Anteiie  au/getragen  (vgj.  5.1).  wobei  die  MeBpunkte  bei  gleicher 
Impulsubertragung  und  gleichem  Streuwinkel  (vgi.  Tabelle  3)  zusammengefaBt  wur- 
dM.  Die  gMric*ataa  ICurvva  xaan  die  Extnpetadaa  nadi  n 
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Tableau  2 J~PI 


LmuUt  IafWiyru  dn  transitions  Hednqucs  dipolaim  ob— rvdas  dam  k ”S 


£,,  -^(MaV) 

r,  (meV) 

£1 

\M\rx  10* 

10.79  — 0 

i-  —0* 

70 ± 35 

0.08  ±0.04 

10.79  - 2.24 

1-  — 2* 

60 i 30*) 

0.13  ±0.07*) 

10.83  — 0 

i-  -0* 

290  ±130 

0.34  ±0.15 
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0.0l3±0.0l0 
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0.3  ±0.1  *) 
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Tableau  I 


Mount  in|Hlni  total  das  nlveaux  rtsonnant*  et  mdlanga  da  muttipotanti  das  transitions 

ttandaa 


- £u  <*•*> 

Am 

A* 

/.-A 

A"  *•) 

10.79  — O’' 

-0.92  ±0.04 

1-  -0* 

10.79  - 2.24 

0.3  ±0.2 

1-  -2* 

0.3  ±0U  (on  M±l.2) 

10.81  —0*) 

0.4  ±0.1 

-1.2  ±0.2 

2*  -0* 

I0.SI  -2.24 

0.25  ±0.10 

-0.40±0.l8 

2*  -2* 

0.1 9 ±006 

10.83  — 0 

10.84  — 0*) 

-1.0  ±0.1 
— 0.30±0.04 

— 0.64±0.05 

1-  -0* 
2*  -0* 

10.84  — 2.24 

1.1  ±0.1 

0.05  ±0.10 

2*  -2* 

-0.54  ±0.1 5 

10.84  — 4.29 

l.l  ±0.1 

-0.08  ±0.1 5 

2*  -2* 

-0.60  ±0.1 2 

10.85  — 0 
10.94  — 0 
10. 94  - 2.24 

-l.l  ±0.1 
— I.l0±0.05 
-0.1  ±0.2 

1-  -0* 
1-  -0* 
1-  -2* 

0.00  ±0.1 8 (ou  3.0  ±1.5) 

if  00  - 4.44 

0.21  ±0.07 

O.I4±O.IO 

(4*)  — 4* 

0.30±0.06 

11.05  -4.46 

0.I4±0.07 

0.l5±0.00 

(3  — ) — 4* 
(5-)-4* 
(4*) -4* 

0.24  ±0.06 
-0.26  ±0.04 
0.34  ±0.08 

11.08-0 

0.6  ±0.3 

-1.8  ±0.4 

(3")  — 4* 
(S-)  — 4* 
2*  -0* 

0.20  ±0.07 
-0.23  ±0.04 

11.75-0 
1 1.75  - 4.29 

-1.0  ±0.1 
0.15  ±0.02 

i-  -0* 
0”)  — 2*  *) 

0.21  ±0.02  (on  IJ±0.l) 

11.78-0 

11.80-0*) 

-0.95  ±0.06 
0.40±0.t5 

-1.4  ±0.2 

i-  -0* 
1 2*  -0* 
| I*  -0* 

12.02-0 
12.05  — 2.24 

-l.l  ±0.1 
-0.4  ±0.04 

0.08  ±0.06 

I-  -0* 
3-  -2* 

-0.03  ±0.02 

*)  La  distn button  angulaira  est  parturMa  par  las  resonances  I “ votsinaa. 

*)  Au  maximum  do  cettc  resonance,  on  a ana  contribution  da  60  % da  la  resonance  k 10.13  MaV 
pour  les  y,. 

*)  La  distribution  correspond  k 71  % d’uns  transition  2*  — 0*  et  22  % d'una  transition  I " — 0*. 
*)  Discussion  sect.  4. 

*)  Las  phases  soot  donndaa  survant  la  convention  da  Rosa  et  Brink. 
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Measurements  arc  reported  o I the  rtlilln  yield  of  «*  wo—  ud  tlM  t'/i*  yield  ratio  for  ohm 
with  energy  40  * 10  MeV  • muted  te  the  angular  range-  ■ 90—160*  la  phot  oo- Induced  react  lone 

with  E™1*  ■ 500  MeV  with  light  and  medium  nuclei.  The  charged  a-meaoa  detector  wan  a 34 -cm 
Freon  bubble  chamber  with  a tube  tor  the  beam.  The  •*/«’  yield  ratio  tor  He*.  Ll\  C*\  a",  8 ", 
Ca**,  and  fd>"  wan  found  to  be  respectively  0.94  a 0.14,  3.15  a 0J1,  1J2  a 0.21,  1.25  * 0.15,  1.0 
a 0.13,  1.11  a 0.13,  and  1.53  ± 0.25.  It  was  established  that  the  f’-meaoa  yield  follows  a ZA**/* 
law. 


FIG  2 Relative  yteM  of  e*  iwioiw  par  nocWeo  m a function  of 
nan  number  A. 


FIG.  3.  v'/e*  yield  ratio  as  a 
function  of  mas  number  A. 
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Tabu  I 

Energies  anil  strengths  if  JIP(p,  )')3JS  resonances  for  E,  < 2.03  MeV  j 

£,  (keV)  ( U-ri)r,ryr(e\ ) E,  (keV)  (ZJ+Df^jr  (eV) 


present  ref.  1#)  present  ref.  ,#)  present  ref.  ,8)  present  ref.  *•) 

experiment  experiment*)  experiment  experiment*) 


354.8x0.4 

0.003 

0.012 

1400.1  x06 

1400.1  ±0.7 

1.3 

439.4x0.3 

0.25 

0.14 

1402.9  ±0.8 

5.0 

54 1.4  ±0.6 

1.0 

0.30 

141 1.4±0.6 

2.0 

6I8.9±I.0 

0.06 

0.007 

I438.3±0.7 

1437.7±0.7 

11 

14 

642.4x0.7 

0.52x0  08  *) 

0.52  ±0.08') 

1473.1  ±0.6 
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2.4 
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8 

12 
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0 29 
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0.9 

887.8x0.5 

0.18 

0.10 
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0.9 
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1792  ±2 

1.1 

1056.5 -0.6 

1053.7±0.5 

1.1 

1 89 1 .5  ± 1 .0 

1890  ±2 

2.2 

50 

1089.6  — 0.6 

1089.l±0.5 

0.38 
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1 1 20.7  — 0.6 
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2.3 
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1 1 48.2  ±0.5 
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1978  ±2 
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Gamma  decay  of  llP(p,y),* *S  resonance*  for  E,  < 2.1 
Percentage*  in  brackets  imply  uncertainty*  regarding  the  excitation  of  the  levels 


Resonance*  * '-decay  (in  %)  to  E%  (MeV)  in  S 


r •) 

f,  *)  - 

0 

z 23 
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4.46 

4.70 

5.01 
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J ”') 

0* 

2* 

0* 

2* 

4* 

1* 

3- 

3* 
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38 

35 

6 
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40 

20 
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- 

63 

2 

2 

9 
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51 
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9487 

i- 

82 
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2*  *) 
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74 

15 

2 

3 

S74 
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7 

59 

34 
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5 
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18 

4 

63 

1411 
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2 
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13 

1583 
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60 
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7 

44 

16 
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15*4 
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• • • 

. * * 
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0J2 

The  residual  activity  between  burata  of  a mechanically  chapped  beam  has  bee*  aaed  to  mae 
aure  the  yield  of  the  reaction  aS(/,y)aCl  ayatematlcally  In  the  bombarding  energy  rang* 
£,-3.36  to  5.41  MeV.  Taro  T « J tute*  in  nCl  at  £,-3.371*0.005  MeV,  £, -5.550*  .007  MeV 
and  at  £,  -5.282*  .006  MeV,  £,  -7.402*  .006  MaV  have  been  located  with  the  resonance 
strength*  (2 J ♦ UT^r/T  -0.76*  0.18  aod  1.50  * 0.37  eV,  respectively.  Each  of  thee*  reso- 
nances  waa  narrower  than  the  estimated  2-kaV  spread  In  the  proton  beam.  These  two  states 
are  Interpreted  as  the  analog*  of  the  ground  and  the  second  excited  state  of  MP  with  J * values 
j*  and  ]’ , respectively,  y decay  of  the  lower  resonance,  investigated  with  a Ge(Ll)  detector, 
shows  ->88*1  and  <12%  branchings  to  the  drat  excited  state  and  ground  state  of  nCl,  respec- 
tively. The  M 1 strengths  of  these  transitions  are  compered  with  those  obtained  from  0 analog 
transition*  and  with  the  theoretical  prediction*  based  on  the  many -particle  shell-model  calcu- 
lation*. 
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*)  ±1.5  keV  jauf  pour  E,  — 1399  et  1411  keV  (voir  paragraph#  3.3). 

*)  ±1  keV. 

*)  Precision  20%  sauf  pour  les  resonances  i £,  — 1405  et  1474  keV  oti  la  precision  est  ettlm6# 
4 40%. 

*)  Precision  30%. 

•)  Precision  40%. 
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Figure  1.  The  -’eSi(«,  yo^S  absolute  cross  sections  for  exciting  1'  and  2*  states 
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bars  represent  relative  statistical  errors.  The  horizontal  lines  indicate  the  energy 
loss  in  the  target.  The  absolute  error  in  the  scale  is  ±30%. 


Meyer-Schutzmeister,  L.  Vager,  Z.,  Segel,  R.E., 
and  Sing,  P.P.  (1968)  Nucl.  Phys.  A108,  180. 


Fignre  2.  Cross  sections  for  exciting  2*  states  obtained  by  the  («,  yo)  reaction  and 
inverted  using  the  principle  of  detailed  balance.  The  bars  indicate  the  relative  errors 
where  known.  The  J4Mg(y,  ao^'Si  points  were  calculated  from  angular  distributiow 
measured  by  Meyer-Schutzmeister  ft  al  (1968).  The  *°Ca(y,  aoF'Ar  data  are  t^km 
from  Watson  et  al  (1973).  The  absolute  errors  in  the  cross  section  scales  are  ±30%. 
The  insert  shows  an  angular  distribution  measured  at  £,  - 6-3  MeV.  The  full 
curve  represents  the  fit  obtained  using  equation  (IX  The  broken  curves  are 
croaa  sections  using  a y-ray  strength  that  exhausts  100%  of  the  tsa(2*). 
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The  angular  distributions  of  y-rays  from  the  decay  of  the  resonance  states  of  9.95  MEV 

(9950,  9979,  10,372,  and  10,756  keV)  In  the  reaction  have  been  determined. 

The  probable  spin  values  of  these  states  are:  1,  1,  2,  and  (2),  respectively. 
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Abstract : The  y-decays  of  eleven  resonances  in  the  :,Si(  x.  y),JS  reaction  below  Et  - 3.83  MeV  have  been 
studied  using  a large  Ge(Li)  detector.  Results  for  branching  ratios  differ  considerably  from  previous 
Nal  work.  The  previous  discrepancy  in  radiative  strengths  for  the  2.61  MeV  resonance  is  explained 
by  this  data.  The  strengths  of  the  first  five  resonances  at  E,  - 1.77,  1.99.  2.19.  2.37  and  2.42  MeV 
appear  to  be  (39  ± I3f/,  lower  than  previously  reported.  Spin-periues  of  1".  2*  and  2*  have  been 
assigned 'to  the  levels  at  8.50.  8 69  and  8 86  MeV  respectively.  The  radiative  width  of  the 
E - 1.467  MeV.  Jm  - 3'  resonance  in  the  Jl  Pip.  >)J,S  reaction  has  also  been  measured. 
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Fig.  3.  The  7-dccay  schemes  obtained  from  a Ge(Li)  detector  at  55’  to  the  incident  beam.  The 
2*  — 0*  branches  have  been  corrected  to  take  into  account  angular  distribution  efTem. 
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A tenet:  Cron  sections  and  integrated  crow  sections  for  photodisintegraboa  of  **S  to 

residual  states  in  **P  and  J1S  have  been  measured.  Comparison  with  spectroscopic  factors  for 
nucleon  pickup  reactions  on  ”S  leading  to  the  same  residual  are  made.  It  is  concluded 
that  the  creation  and  decay  of  the  dipole  state  in  ”S  is  predominantly  a tingle  nor  loon  inter- 
actio*. 
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b)  Calculated  assuming  that  the  2.23  MeV  levels  in  3!P  and  3lS  are  populated  in  the  same  ratio  as 
the  first  excited  states. 
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AbstraeS-Mean  cross  sections  for  the  photoproduction  of  ’Be  and  "C  from  irF.  rAJ.  3Si  and  ”S  targets.  7Be  from  999=1  GEV 

'‘"B.  uid  "C  from  l4N  and  “0  targets  have  been  measured  using  bremsstrahJung  beams  in  the  energy  range  

OJ-l.OGeV.  The  results  have  been  compared  with  previous  measurements  and  an  excellent  agreement  has  been 
found.  In  most  cases,  the  values  obtained  turned  out  to  be  much  larger  than  those  expected  from  a simple 
spallauon  mechanism.  A fragmentation  and/or  a flssion-like  process  has  been  suggested  in  explaining  the 
mechanism  of  such  reactions. 


Fig.  I.  Mean  cross  sections  per  photon.  <r,.  of  "C  photoproduc- 
non  vs  the  (arget  mass  number  A,  Experimental  data  are  taken 
from  9.  Ref.  [9|;  □.  Ref.  (13).  ♦.  Ref  (21.  0.  present  work. 

The  straight  line  is  a least  squares  At  of  (he  experimental  points. 


Fig.  2.  The  same  as  in  Fig.  1 for  ’Be  photoproduction.  Experi- 
mental data  are  taken  from:  A.  Refs.  [6,71;  V,  Ref.  (81.  9.  Ref. 
[91;  A.  Ref  [101;  Ref  [111;  ▼.  Ref.  [121;  □.  Ref.  [131.  Ref. 
[141;  O.  Ref.  (2);  0,  presew  work. 


Table  I.  Cross  sections  per  equivalent  quantum  of  "C  photoproduction 
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Spectra  at  photopratoos  from  °S  have  been  measured  in  a bremsstrahlung  beam.  The  bremsstrahlung  end- 
point energy  *a»  varied  over  the  range  17-30  MeV  with  a Hep  at  oo  more  than  t MeV.  Distributions  at 
the  fraction  at  trensariooi  to  various  Hates  at  the  Anal  nudes*  JIP  have  been  calculated  and  the  partial 
photopraton  cross  sections  corresponding  to  these  transitions  have  been  determined.  Frans  these  data  we 
have  obtained  far  “S  informs  fra  on  the  probability  at  electric  dipole  m the  various  the 

irnpimirii  at  the  configuration  splitting  at  the  giant  dipole  resonance,  and  the  contribution  at 
configurations  at  the  onc-psrTirta  nr»  hols  type  to  formation  at  the  giant  dipole  resonance.  A comparison 
with  the  results  at  theoretical  at  theoretical  calculations  is  made. 
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FIG.  5.  Cross  sections  for  the  reaction  nS(T.*)*,P  with  forma, 
tlon  of  the  final  nucleus  in  the  ground  state  and  is  the  states  with 
with  energies  1.27,  2.23,  3.3,  and  4.8  MeV  (from  bottom  to 
top). 


FIG.  8.  Cross  sections  for  the  reaction  ^Shr.p)11?  with  forma, 
tlon  of  the  final  nucleus  I»  siiiM  wii^  tstSttAA  ^ •«* 

MeV  (from  bottom  to  top) 


FIG.  7.  Sums  of  partial  photoproton  cross  sections  for  the  ,:S 
nucleus:  combined  cross  section  with  formation  of  the  final 
nucleus  In  states  with  energy  0-4.8  MeV  (upper  figure),  com- 
bined cross  section  with  formation  of  the  final  nucleus  in  states 
with  energy  6.9-12.3  MeV  (center  figure),  total  cross  section 
for  the  reaction  (lower  figure).  The  vertical 

columns  are  theoretical  results. 
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Excitation  functions  and  angular  distributions  of  the  reactions  ”J0Si(a,y0)  were  used  to  study  the 
distribution  of  £ 2 strength  in  the  energy  regions  11-21  MeV  of  ,iJ4Si.  as  well  as  to  probe  the  importance  of 
tsospin  in  the  decay  of  the  El  giant  resonance  in  these  nuclei.  It  was  found  that  the  £2  strength  in  the 
(y.CLt)  channel  is  widely  distnbuted  and  accounts  for  about  12%  of  the  energy  weighted  isoscalar  sum  rule  in 
each  nucleus.  Together  with  the  £2  strength  observed  in  lower  resonances,  about  43%  of  the  sum  rule  is 
accounted  for  in  1!S  and  34%  in  ^S.  where  the  measurements  on  the  lower  resonances  are  incomplete.  The 
spreading  of  the  £2  strength  can  be  attributed  to  the  mixing  of  ap-nh  configurations  into  the  basic  lp-lh 
excitations  of  the  £2  resonance,  and  the  Large  £2  strength  is  attributed  to  the  presence  of  a direct  or 
setmdirect  component  in  the  (y.Og)  process.  A comparison  of  the  £1  strengths  in  the  channel  of  the 

giant  dipole  resonances  in  nj*S  indicates  that  isos  pin  conservation  is  important  in  these  reactions.  The  relative 
weakness  of  the  £ 1 (y.aj  strength  in  “S  compared  to  the  £2  strength  is  attributed  to  the  relative  purity  of 
the  lp-lh  character  of  the  £ 1 resonance  as  compared  to  that  of  the  £2  resonance. 


E2  STRENGTH,  SEE  79KU5 


NUCLEAR  REACTIONS  MSl(afy0),  £-5-16  MeV;  *Sl(a,yo),  £-4-15  MeV; 
measured  a (£, Er , 9T ).  ^ MS  deduced  £1,  £2  strengths.  Enriched  targets. 


E,  (MtV) 

12  16  20 


FIG.  1.  Top:  excitation  function  at 
9 - 135*  for  the  reaction  1 *Si( a , y ( ) 1 *S . 
1 The  arrows  indicate  energies  at  which 
angular  distributions  were  measured. 
Middle-  the  extracted  El  and  E2  total 
cross  sections  for  the  (a.y,)  reaction. 
Bottom:  the  E2  phase  5 reiatlve  to  the 
Ei  phase. 


FIG.  2.  Typical  angular  distribu- 
tions for  th®  reaction  1 *Si(a,y#) ,lS. 
The  solid  lines  are  fits  obtained  with 
Eq.  (><5). 
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FIG.  3.  Top:  the  total  E2  cross 
section  converted  by  detailed  balance 
to  that  for  3 2S( y , a„ ) 2 'Si . Middle:  the 
total  differential  cross  section  at 
8 * 135*  converted  to  3 2S( y , a. ) 2 *Si . 
Bottom:  the  total  differential  cross 
section  at  8 * 90*  for  32S(y.P,)jiP 
obtained  by  detailed  balance  from 
JIP(p.Ya) J2S  (Ref.  14). 


FIG.  4.  Top:  the  El  cross  sections 
derived  from  2 *SiC<*,Y0 ) 32S  in  the'  pre- 
sent work  Cfjpipared  with  those  of  Ref.  3. 
The  dashed  line  is.  included  to  guide  the 
eye  and  follows  roughly  the  (a,Y«!  ex- 
citation curve.  Bottom;  the  90*  yields 
in  2 ’Si( a , Ya ) 1 2S  obtained  by  adjusting 
the  135*  measurements-  by  the  measured 
angular  distributions  in  the  present 
work  compared  with  the  90*  yield  curve 
of  Ref.  1. 


TABLE  II.  Integrated  E.  and  E2  strengths  in  3 2 S( y . a , ) 2 *Si  and 
3 *S(  y . ota ) 1 °Si  and  total  integrated  E2  strengths  based  on  a Hauser- 
Feshbach  calculation. 
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Tail*  VIII.  Gtmmi  ray*  from  »S(..,-r)-S;  gB-3Q KeV,  J'- 1~. 
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• Additional  ink  line*  art  evident  in  the  energy  region  from  I to  4 * MeV. 


Table  IX.  Gimm»  rays  from 
£*-111  keV, 
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Highly  excited  levels  of  33S  populated  by  x-partide  capture  in  29Si  have  been  investigated  for 
£,  = 1.962  MeV  to  4.287  MeV.  Excitation  curves  measured^ with  Gc(Li)  and  BF3  detectors 
are  reported.  More  than  fifty  resonances  can  be  identified  with  levels  in  33S.  (s,  y)  angular 
distributions  measured  on  five  strong  resonances  have  yielded  J*  values  1/2 +,  3/2 + , 5/2 
5/2-,  5/2  — and  3/2+  respectively,  for  the  £,=  10.054,  10.466,  10.523,  10.721,  10.758  and 
10.776  MeV  levels  in  33S.  Elastic  scattering  experiments  have  been  performed  and  the  J ' 
assignments  are  found  to  be  consistent  with  the  /-values  inferred  from  the  elastic  scattering 
data.  Decay  schemes  from  the  above  33S  levels  have  been  proposed.  A new  level  at  9.245 
MeV  is  also  suggested  and  the  J*  values  for  the  4.425  and  2.87  MeV  states  are  shown  to  be 
consistent  with  7/2+  and  3/2+  assignment,  respectively. 

Nuclear  Reactions  29Si(a,  y)  and  i9Si(a,  a),  £.=  1.962-4.287  MeV.  Measured  relative  a(E). 

Deduced  J*  and  £7  of  33S  levels.  New  33S  level  at  £,=9.245  MeV.  Enriched  targets. 
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(2J+1)  -p-I-  = 0.7  ev. 


ALPHA  ENERGY  IN  McV 


Fig.  I.  Yield  curve  of  the  ”Si(a,  y)MS  reaction  in  the  £„  = 3.25-4.25  MeV  region. 
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Fig.  2.  Measured  angular  distribution!  ofy,  at  resonances  1,9,  11,  13,  14,  17,  II  and  21.  The  solid 
lint  in  each  figure  u the  theoretical  angular  di unbutton*  for  the  «««igw«a  spin  values,  as 

for  the  detector  atzs. 
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Table  1 


Resonances  in  the  ,0Si(a,  y)u S reaction 


Resonance 

number 

£,(lab) 

(MeV) 

”S* 

(MeV) 

Resonance 

number 

£«(lab) 

(MeV) 

>‘S* 

(MeV) 

1 

3.250 

10.784 

19 

3.795 

11.265 

2 

3.313 

10.840 

20 

3.814 

11.282 

3 

3.338 

10.862 

21 

3.843 

11.307 

4 

3.368 

10.888 

22 

3.853 

11.316 

5 

3.392 

10.909 

23 

3.894 

11.352 

6 

3.408 

10.924 

24 

3.908 

11.365 

7 

3.480 

10.987 

25 

3.918 

11.373 

8 

3.503 

11.007 

26 

3.940 

11.393 

9 

3.515 

11.018 

27 

3.948 
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10 

3.540 

11.040 

28 

3.961 

11.411 

11 

3.586 

11.081 

29 

3.993 

11.440 

12 

3.609 

11.101 

30 

4.007 

11.452 

13 

3.647 

11.134 

31 

4.024 

11.467 

14 

3.674 

11.158 

32 

4.043 

11.484 

15 

3.690 

11.172 

33 

4.058 

11.497 

16 

3.706 

11.186 

34 

4.106 

11.539 

17 

3.736 

11.213 

35 

4.160 

11.614 

18 

3.751 

11.226 

36 

4.220 

11.640 

All  values  ±5  keV. 
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Resonance  £,flab) 
number  (MeV) 
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decay 

mode 

Partial 
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strength 

(eV) 

Jm 

Mixing  Radiative  widths  in  Weisskopf  units 

parameters — 

for  yr  |A#|»(E1)  |A#|*  |M|»  |M|* 

transition  xlO*  (E2)  (Ml)  (M2) 
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Tabu-.  2 


Results  from  the  J4S< y.  71  experiment 


Transition  energy 
(MeV) 

y 

/, 

(MeV  ■ mb) 

To') 

(eV) 

Mean  lives 
(fs) 

*MI)') 

(ti) 

7.220  + 0.002 

( 1 ).  2 * 

0 204±0.06l 

0 92±0.28 

0.72 

(0.212) 

1 09 ±0.33  **) 

0.61  *) 

7 781  +0  002 

r 

0. 1 09  ± 0 01 5 

0.57±0  09 

1.15 

8 185+0.003 

(1.2*) 

0 148+0042 

0 86  ±0.28 

0 77 

0 136 

8.385  + 0.003 

r 

0 081+0  025 

0 49  ±0.1 5 

1.34 

8 511  +0  003 

r 

0 082  + 0 014 

0 52  ±0  09 

1.27 

8 657  + 0.007 

0.2*) 

0 063  ±0  039 

0 41  ±0  25 

1 60 

0.055 

9 478  + 0 004 

(1.2*) 

0.145  ±0.052 

l .l  3 ±0.49 

0.58 

0 115 

9.640  + 0.004 

(1.2*) 

0.448  ±0.088 

3 61  ±0.72 

0.18 

0.349 

9.711+0.005 

(1.2*) 

0.061  ±0017 

0 50  ±0.1 4 

1.32 

0 047 

9 860+0.007 

0.2*) 

0.075  ±0.018 

0.63  ±0.1 5 

1.04 

0 057 

10  171  +0005 

(1.2*) 

0 I24±0.03l 

l.l  1 ±0.28 

0.59 

0 092 

10.786  + 0.01 3 

(1.2*) 

0.074  ±0.014 

0.75  ±0  14 

088 

0052 

•)  Assuming  f0'r  = I and  J =»  I. 

")  Calculated  under  the  assumption  of  an  E2  transition. 
c)  Assuming  J'  = I * . 


form  N3S-418 

(R  EV.  7-1  4-S4I 
USC  OMM-N  BS-OC 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OP  STANDARDS 


PHOTONUCLEAR  DATA  SHEET  146 


REF. 


method 


E.  Kuhlmann,  J.R.  Calarco,  V._.C.  Cheng,  D.G.  Mavis, 
S.S.  Hanna 

Phys.  Rev.  C20,  5 (1979) 


J.R.  Hall, 


EL  EM.  SYM. 


34 


16 


REF.  NO. 


79  Ku  6 


hg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

A,G 

ABX 

11-21 

D 4-15 

NAI-D 

DST 

Excitation  functions  and  angular  distributions  of  the  reactions  ltJ0Si(a,ya)  were  used  to  study  the  E2  STRENGTH,  SEE  79KU5 

distribution  of  £2  strength  in  the  energy  regions  1 1-21  MeV  of  WJ4Si,  as  well  as  to  probe  the  importance  of 
isoepia  in  the  decay  of  the  £1  giant  resonance  in  these  nuclei.  It  was  found  that  the  El  strength  in  the 
(y.aj  channel  is  widely  distributed  and  accounts  for  about  12%  of  the  energy  weighted  isoscalar  sum  rule  in 
each  nucleus.  Together  with  the  £2  strength  observed  in  lower  resonances,  about  45%  of  the  sum  rule  is 
accounted  for  in  >]S  and  34%  in  *3,  where  the  measurements  on  the  lower  resonances  are  incomplete.  The 
spreading  of  the  El  strength  can  be  attributed  to  the  mixing  of  n p-n h configurations  into  the  haw  lp-lh 
excitations  of  the  El  resonance,  and  the  large  El  strength  is  attributed  to  the  presence  of  a direct  or 
semidirect  component  in  the  (yxto)  process.  A comparison  of  the  £ 1 strengths  in  the  (y.aj  channel  of  the 
giant  dipole  resonances  in  nj48  indicates  that  isospin  conservation  is  important  in  these  reactions.  The  relative 
weakness  of  the  £ 1 (y.aj  strength  in  **S  compared  to  the  El  strength  is  attributed  to  the  relative  punty  of 
the  lp-lh  character  of  the  £1  resonance  as  compared  to  that  of  the  El  resonance. 


NUCLEAR  REACTIONS  "SKa.y,),  £-5-16  MeV;  "si(a,y,),  £-4-15  MeV; 
measured  a (£,£r,6r).  MS  deduced  £1,  £2  strengths.  Enriched  target*. 
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FIG.  5.  Top:  excitation  function  at 
3 -135*  for  the  reaction  1 'Si(a , ya ) 5 * S . 
The  arrows  Indicate  energies  at  which 
angular  distributions  were  measured. 
Middle:  the  extracted  El  and  E2  total 
cross  sections  for  the  (a.y,)  reaction. 
Bottom:  the  E2  phase  <5  relative  to  the 
El  phase.  The  ordinate  scale  given  on 
the  right  refers  to  the  inverse  reaction 
,ltS(y,a(),,Si. 


C,(M«V) 


FIG-  6-  The  E2  strength  in  ,lS  and 
S integrated  over  2 MeV  intervals  (in 
percentage  of  the  lsoscalar  E2  sum  rule) 
in  the  bound  states  and  low-lying  reson- 
ances (Ref.  21)  up  to  E - 12  MeV  and  in 
the  a, -decay  channel  (this  work)  above 
12  MeV.  The  region  from  8-10  MeV  in  1 *s 
is  unstudied. 
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Angular  distribution  coefficients 
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Fig.  1.  Excitation  functions  for  the  S36(p,y)Cl37  reaction  (the  vertical  scale  is  laid 
off  in  the  number  of  pulses  per  625  |-lC):  a - case  when  the  monitor  recorded  y rays  with 
E ^ 7.5  MeV,  b - case  of  recording  only  the  transitions  to  the  ground  state.  The  de- 
tector was  mounted  at  an  angle  of  90°  relative  to  the  proton  beam. 
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substance  to  be  "dephlogi sticated  muriatic 


Sir  Humphry  Davy  established  the  elementary  nature  of  the  gas  and  called 
it  chlorine.  The  word  is  derived  from  the  Greek  chloros , meaning 
greenish-yellow.  Because  he  was  unable  to  decompose  the  gas,  Davy 
hypothesized  that  it  was  an  element  and  further  determined  that 
hydrochloric  acid  contains  only  hydrogen  and  the  new  element,  chlorine. 
This  was  in  direct  contradiction  to  Lavoisier's  theory  that  all  acids 
contain  oxygen.  Davy's  views  eventually  prevailed  and  chlorine  was 
accepted  as  an  element. 
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Fig.  3.  Histogram  of  distribution  of  observed  resonances  among  the  different  targets.  The  atomic  number  is  given  directly  beneath 
the  chemical  symbol  followed  by  the  neutron  numbers  of  the  naturally  occurring  isotopes.  Magic  numbers  are  shown  in  brackets. 


Table  III.  List  of  effective  cross  sections. 


rOBM  NtS-411 
mrv  7.14.641 
US7-CJ7JM.OC  2601  0*  P64 


En'‘r*>'  Gamma 
Scatterer  (McV)  source 


4 

(mb) 


Sm1* 

8.907 

Ni 

100 

prw 

8.88 1 

Cr 

9 

N'd 

La 

8.532 

Ni 

6 

Pr»u 

Te 

8.532 

Ni 

3* 

Te 

Cu 

8.499 

Cr 

24 

Zr 

8.496 

Se 

3050 

Cd 

Zn 

8.1  19 

Ni 

13 

Mo 

Sc 

7.817 

Ni 

50 

Sc 

7.76 

K 

90 

Mo 

Sb 

7.67 

V 

. . b 

Tl 

Cd 

7.64 

Fc 

40* 

W 

Nri 

7.64 

Fe 

T 

Sb 

prui 

7.64 

Fe 

1 2* 

Ti 

T1 

7.64 

Fe 

370* 

La 

7.634 

Cu 

7 

Pbiw 

Mo 

7.634 

Cu 

11 

Te 

Bi>P 

7.634 

Cu 

4 

Te 

7.528 

Ni 

664 

prl4l 

Bi*9* 

7.416 

Se 

100 

Pt 

Bi* 

7.300 

As 

80» 

Tl 

Pb** 

7.285 

Fe 

4100 

Pb*4 

Cl 

7.285 

Fe 

34 

Ce 

Priu 

7. 185 

Se 

80 

Bi»» 

T1 

7.16 

Cu 

120 

Pb“* 

La 

7. IS 

Mn 

50 

Hg 

Bi»* 

7.149 

Ti 

2000 

Hg 

Energy 
’ (MeV) 

Gammt 

•ource 

8 

(mb) 

7.01 

Cu 

110 

6.867 

Co 

30 

6.867 

Co 

3 

6.7 

Ni 

6.54 

Ag 

12 

6.474 

Co 

110 

6.44 

H* 

25« 

6.413 

Ti 

72 

6.413 

Ti 

10 

6.413 

Ti 

25 

~6.3 

Ti 

. . .b 

6.31 

Hg 

6» 

6.31 

Hg 

2# 

6.27 

Ag 

75 

6.15 

Gd 

. . .« 

5.8 

Ni 

. . .1 

6.12 

Cl 

35 

6 12 

Cl 

no 

5.99 

Hg 

40»-« 

5.99 

Hg 

5s 

5.9 

Sr 

. . b 

5.646 

Co 

17 

S.646 

Co 

55 

5.53 

Ag 

70 

5.44 

Hg 

75s 

4.903 

Co 

385 

* High-energy  component  of  a complex  spectrum. 

•A  broad  scattered  spectrum  with  no  observable  peak  structure. 

J,her'  ar*  actually  two  lines  of  energies  7.647  and  7.6J3  MeV  having 
eejual  intensities  in  the  iron  capture  gamma  spectrum  The  rmw  - 

depidiln4ef°h*  c?rrectedl  although  there  is  no  possibility  at  present  of 
deciding  Which  line  Is  responsible  for  each  resonance.  P 

raya'on’Te^*6  y “ lndep*,,d*nt  leTel  in  the  complex  spectrum  of  Nl  t 

• Rough  estimate. 

1 May  be  inelastic  component  from  7.32*  level  In  Te. 
co-workers!*llV*  “*  ta  tht*  c»se  are  doe  to  Groshev  and  . 

J AF,*1!??.1!  know?  for  •»“"*  •»  this  energy. 

Difficult  to  resolve  among  the  many  source  Uses  present  at  this  energy. 
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FIG.  3.  Dependence  of  P on  number  of  nu- 
cleons which  have  left  the  nucleus. 


•The  threshold  ni  okulilod  M the  binding 
energy  of  the  emitted  imcteooi. 


Table  n.  Cross  sections  for 
reactions  in  the  saturation 
region 
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According  to  the  photomesonic  mechanism,  the  cross 
section  for  the  reaction  can  be  written  in  the  form 

a = a^AP.  (1) 

Here  o0  is  the  total  cross  section  for  interaction  of 
the  photon  with  a free  nucleon  with  inclusion  of  the 
nucleon  motion  in  the  nucleus  (<70,  as  has  been  shown  by 
Roos  and  Peterson, depends  only  weakly  on  photon 
energy  for  Ey  > 300  MeV);  A is  the  number  of  nucleons 
in  the  nucleus,  and  P is  the  probability  that  the  reaction 
will  proceed  by  a given  channel. 
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Fig.  7.  Mean  cross  sections  for  MNa  production  as  a function  of  target  mass  number, 
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Fig.  3.  The  determined  yields  for  the  reactions  31P  -♦  2<Na  (filled  circles)  32.  -S 
(open  circles)  and  3J.37C1  — 24Na  (filled  triangles) 
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Fig.  9.  (a)  Photonuclcar  cross  sections  [a(y,  n)  + n(y,  pn)]  and  a(y,  2n)  for  natural  Cl.  (b)  Partial 
photosmutron  cross  sections  o(y,  In)  of  >7C1. 


Fig.  22.  Ratio  of  experimental  integrated  photoneutron  cross  section  <r0*  over  the  Thomas,  Reich* 
■ nd  Kuhn  sum  rule  [0.06  NZIA].  Numerical  values  and  upper  integration  limits  £m  are  taken  from 
table  3.  Also  d<r0*  ™ ±7%  for  all  nuclei. 
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Fig.  24.  The  [<To7(0.06  NZ/A)]  ratio  as  a function  of  isospin  T.  Possible  overall  errors  of  l-T/  .re 

to  be  applieii  to  all  run.  lei  shown. 
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Fig.  2.  Mean  absolute  cross  section  of  "F  photoproduction  vs  the 
target  mass  number  Open  triangle:  energy  range  0- 1 5—0-72  GeV. 
Ref  [18|.  Filled  circle-  energy  range  0-i— l GeV.  Ref.  (3)  Open 
circles:  present  work.  The  curve  has  been  calculated  by  means  of 
Eqnti). 
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Fig.  4 Mean  absolute  cross  section  of  “Na  photoproduction  vs 
the  target  mass  number.  Filled  circles:  energy  range  0-1-1  GeV. 
Ref.  [20],  Reversed  open  triangle:  energy  range  0-3-1  GeV,  Ref. 
[8).  Open  triangles:  energy  range  0-25-1  GeV,  Ref.  [I9J.  Open 
circles:  present  work.  The  curve  has  been  calculated  by  means  of 
Eqn(l). 


Table  2.  Cross-section  per  equivalent  quantum  a^O^b)  of 
photoproduction  of  "F 

Bremsstrahlung  maximum  energy  EofGeV) 
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•The  results  for  rAl  have  already  been  published  (see(3D  md 
are  reported  for  comparison. 
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Table  3.  Cross-section  per  equivalent  quantum  ^(^b)  of 
photoproducuon  of  nNa 


Bremsstrahlung  maximum  energy  £„  (GeV) 
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•The  results  for  “Al  have  already  been  published  (see  [8])  and 
are  reported  for  comparison. 
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The  results  for  the  photoproduction  of  "F 
and  “Na  from  17 A1  have  already  been 
published  (Ref.  [3]  and  [81.  respectively). 
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| FIG.  2.  Yield  values  and  the- 
oretical values  according  to  the 
modified  Rudstam  formula  as 
a function  of  the  target  charge 
number  Z,.  Points:  ♦ —ex- 
periment, o—  theory. 
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TABLE  I.  Experimental  yields  and  reaction  cross  sections  ob- 
tained in  the  measurements  at  the  Erevan  electron  accelerator. 


P.eactson  yidd,  mb 

llftt 

^■T  SW*  G«V 

Reaction  crott 
section,  mb 

nucleus 

- 

4 

43 
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,TAl 

“Si 

“S 

a 

"K 

“Ca 

»:V 

•‘•Mb 

Cu 

0.81*0.08 

0.27=002 

0.24*0.02 
0.28*0.03 
0 1*001 
0.098=0.01 
3,' >85*0.02 
0 079-0.02 
0 020*0.006 

0.87 

0^8 

022 

'•30 

0.125 

0.39 

0.094*0.02 
0.075*0.02 
0.037  *0.007 

>1.098*0.02 
0.067  * 0.017 
0.036*0.007 

0.87 
■ 0.29 
0.27 

0.28 

0.15 
0.1  IS 

0.«2*0.0.?5 

0.088*0.015 

0.034*0.007 

0.07213*0.0346 
0.0267  *0.013 
0.0323*0.0155 

0.00*0.0288 

0.035*0.0168 

0.019 

0.01071**0.0056 
0 00147  *0.0028 

Cu  UUZV*U.UUO  'J.UJIxv.vui  v.tw=v.vw.  “ 

Note.  The  reaction  ctoss  sections  have  been  calculated  in  the  1 IE 
approximation  of  the  bremsstrahlung  spectrum. 
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E,  (kcV)  (eV) 
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5.34:1.1 

1119 

1.0*0. 3 

1165 

3. 7*0. 8 

1214 

2.34:0  5 

1266 

4.240.9 

Fig.  2.  Decay  schemes  of  the  resonance 
and  bound  levels  of  Cl"  as  observed  in 
this  work.  The  indicated  decay  of  the 
2.720-MeV  level  is  from  Ref.  5.  Upper 
limits  on  various  other  transitions  are 
listed  in  Tables  I and  II.  The  unbracketed 
/*  values,  except  for  Cl*4  (0)  and  Cl*4 
(0.147),  result  from  the  angular-corrcla* 
lion  and  transition-strength  data  of  this 
work  (See.  V)  The  bracketed  values  are 
from  considerations  of  the  observed 
transition  rates,  branching  ratios*  and 
limits  oc  proton  reduced  widths  (Sec. 
VI). 


Tabi.e  VI.  Summary  of  angular-distribution  measurements  in  the  S**(^,  y)CI**  reaction.  (The  rcvmance  level  is  denoted  by  r.) 
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0.09*0.19 

-0  02  *0  25 
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-0.2.4*0.24 

1165 

r — *2  .17 
2.37—4).  15 

-0.014:0.03 

0.02*0,03 

0.11*0.03 

— 0.06*0.04 
-0. 2*7*0 .04 

1266 

r — 4) 
r-0  15 
r-4)  46 
r— 0 66 
0.66—4) 

-0  1 8*0  10 
0 1 14:0.12 
-0.07=fc0.14 
-0  04*0.05 
0 2844).  04 
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Dm 

v /c 

Uncorrected  t 

Final  t 

(keV) 

(mil) 1 

<%) 

(psec)  b 

(psec)  c 

461  — 0 

0.58  ±0.07 
0.48  ±0.08 

0.647  ±0.008 
0.612  ±0.007 

7.61  ±0.92  1 

6.61  ±1.10  f 
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7.1  ±0.7 

666  — 0 
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19.4  ±1.4 
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0.645  ±0.011 

18.64  ± 1.844/ 

*In  units  of  10"5  Inches.  c Including  geometry,  solid-angle,  counter-efficiency, 

b Computed  from  the  relation  r =DmA.  In  unite  of  and  velocity-distribution  corrections  (see  text). 

10'11  sec. 
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FIG.  4.  y-ray  spectra  and  lifetime  curve  for  the 
461-keV— 0 transition.  The  left  portion  of  the  figure 
displays  the  Y-ray  spectra  in  the  region  of  the  461  — 0 
transition,  measured  at  three  different  plunger  displace- 
ments D.  The  right  portion  of  the  figure  is  a logarithmic 
lifetime  plot  of  ft  -ft.  va  D-D%,  with  ft.  -0.018*  0.006. 
The  curvea  through  the  data  points  represent  Iseet- 
aquaree  fits  to  the  data  as  described  In  the  test. 


a**  mis*  -o 


FIG.  5.  Y-ray  spectra  and  lifetime  curves  for  the 
666-keV—  0 transition.  The  figure  details  are  elmilar 
to  the  description  given  In  the  caption  at  Fig.  4,  with  Mm 
-0.028*0.007. 
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the  present,  lifetime  and  branching  ratio  measure  menu,  expressed  In  unlU  of  Weisskopf  estimate  Bw.  [See  Ref.  16. 
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.‘References  2 and  3.  Note  also  that  the  uncertainties  In  the  reduced  strengths  for  the  mixed  transitions  arise  pre- 
dominantly from  the  large  uncertainties  in  the  mixing  ratios  and  are  thus  directly  correlated.  For  example,  if  the 
1230  — 461  transition  has  af  (Ml)  of  0.08x10"*  W.u„  then  the£(52)  must  be  2.2  Wji. 
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function  of  yra7  energy. 
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Tabl*  II.  Threahokk  (in  Mev)  of  the  P*'(7,n)P*  and 
Cl^^./OCt**  reactions  compared  to  the  results  of  other  groups. 
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Pn(7,»)P® 

C1“(7,»)C1»4 

Our  results4 
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Schullb 
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Chidley  et  d.c 

12.50  ±0.05 

Wapstra  (massdata)d 
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system  the  results  will  not  decrease  more  than  3 Icev. 

b See  reference  2. 
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Notes 
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Betatron;  neutron  yield;  radioactivity;  NBS  chamber 


NVB 


Reaction 


E or  AE 


$ 


<7d  E 


"727 

J = 93  MeV-mb 


J rr 


Notes 


Cl35(Y,n) 


Bremss. 

12-27 


19.8 

13.8 

li+.l 

15.1 

16.2 
17.6 
18.2 


6.5  MeV 
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a = I3.5  mb 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G.G 

LFT 

1 

C 1 

NAI-D  0 - 1 
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Table  1 
Mean  lifetimes 


Nucleus 

State 

(MeV) 

Spin 

Mean  lifetime 
(psec) 

(Hough  and 
Mouton) 

Mean  lifetime 
(psec) 

(Other  workers) 

Ref. 

"A1 

1.01 

i 

0 -s-°oi 

J.2±1.7 

0 041  +0  0J9 
1 -0.016 

1.7+,J 

'•'-0.5 

•) 

*) 

•) 

•*P 

1.26 

* 

°-73-S:lI 

0.46  ±0.23 
0.22  ±0.07 

°-96-an 

°-72t$:l7 

*) 

*) 

*) 

’) 

••Cl 

1.22 

1 

m re 

o o 
o o 
♦ 1 
f-F> 

© 

0.30±0.I0 

•> 

« 
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REACTION 
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DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 
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LFT 

8 

D 2.0 

NAI-D 

DST 

(3.385) 

(2.079) 

J-PI 


For  ground  state  transition 


Table  III 


W(6)  - 1 + a2P2  + a4P4 

•T  » 

Ej.  MeV 

r* 

(2/+t). 

2r 

rT.  cV 

Type  of 

I3fl* 

a2  = - ,828±.220 

•rTrP  ,eV 

transition 

a4  = .715±.326 

8.4 

/ 7»+ 
X Vi+ 

4 

4 

0.0146 

0.054 

M\ 

E2 

0.0012 

0.044 

6.6 

/ !/j+ 

4 

0.0044 

E2 

0.013 

X !/.+ 

4 

0.216 

M 1 

0.034 

1,76 

/ 5/i+ 

0.0012 

M\ 

0.0105 

X 7a+ 

0.00013 

E2 

1.5 

OSS 


-¥t 


S3  5 2 53 

\ 


5.220- 

5.030’ 

4 m 
An 3 ■ 
AO  58 

3.163 
3.006  ■ 
2.695 : 
2SA5 

1.762 

1.220 


unidentified 


TT 


1 


0 


(V2i/2) 

l(/2.Vl) 


rr—m 

■sti 

■ Zi 


J5 


Uy; 


Cl 

Fig.  4.  Decay  scheme  of  the  8.385-MeV  resonance  lerei  of  Cl* 
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REF.  NO. 

67  Wa  1 


HMG 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

P,G 

LFT 

8.0 

D 2.0 

SCD-D 

4PI 

(7.84) 

(1.512) 

Tab  lx  I.  A summary  of  results  from  the  angular-correlation  measurements.  The  transition  speeds  are  given  in  Weisskopf  units. 
The  values  in  parentheses  are  allowed  by  the  angular-correlation  measurements  but  generally  correspond  to  unreasonable  tranaition 
speeds. 


Transition 

Branching  ratio 

Multipole  miring  ratio 

|Mi«a) 

wa+i) 

7.84  — 0 

0.22 

—0.02  ±0.03 

£1-2.1X10-* 

3/2 -0.1  ±0.1 

(3.6  ±0.26) 

(£1-1.4X10-* 

3/2-140) 

7.84—1.22 

0.34 

-0.06  ±0.03 

£1-5.5X10-* 

3/2-1  ±0.5 

(3.1  ±0J) 

(£1  — 5.5X10-* 

1/2-520) 

7.84  — 4.17 

0.29 

0.05  ±0.03 

3/1  — 1.0 

£2-0.7±0.6 

4.17-0 

0.51 

— 0.06±0.03 

(— 3.08±0_30) 

4.17—1.22 

0.43 

— 0.11±0.04 

. . . 

(2.27  ±0  JO) 

7 54  — 3 .16 

0.97 

0.07  ±0.02 

3/1  — 1.6 

£2—  1.4±0.5 

3.16-0 

0.90 

— 0.16±0.01 

i 
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REF.  NO. 
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7 2 Hu  5 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  R AN  GE 

P.G 

ABY 

00 

1 

D 1-  ? 

NAT-D 

55 

(.7-2.1) 

l AULI  VL  i 


Lilcrgic  cl  force  lies  resonances  ile  la  ii  action  ’*S(p,v)J5CI 


/„ 

(keV ) 

(2 j i *i 

(eV) 

t:„ 

(keV  ) 

zu-\)rprjj' j) 

(eV)' 

716  0.fc0.7 

0.2 

1598.9  ±1.3 

0.8 

754. ! ;_0.7 

0.5 

1647.3  £ 1.2 

1.2 

83l.5±0.8 

0.4 

1665. 2±1. 2 

1.5 

848.2—0.7 

1.1 

1673.7  ± 1.1 

2.7 

880.5  £0.8 

0.4 

1 679.7  ±1.1 

4.1 

889  0 £0.8 

1.3 

1684. 3±1. 3 

4.5 

928.2-0.9 

1.4 

1 7 14.0±  1.1 

0.9 

1020.4±0.8 

3.2 

1717.9-1.1 

3.5 

1054.9±1.0 

0.4 

1756.0£l.0 

1.6 

1 1 12.2  £ 1.0 

0.3 

1 776.7±  I . I 

2.5 

1165  ") 

(0.6) 

1 787.7  £ 1.1 

4.2 

1 183.2  £ 1.1 

0.2 

1 794.8  £ 1.3 

1.2 

I213.7£l.O 

21  ±3') 

1829.1  £ 1.3 

2.4 

1225.6  — 1.0 

1.5 

1 839.0  ± 1.2 

2.1 

1266.5±1.0 

3.2 

1862.7  ± 1.3 

0.8 

1285.5  ±1.1 

1.2 

1893. 2±  1.1 

8.0 

1323.7±1.2 

0.5 

1901.8  ±1.1 

6.2 

1 339.8  ±1.1 

1.5 

1 928.2  £ 1.3 

1.9 

135J.7±1.1 

2.5 

1955. 9£  1.3 

1.8 

1362.4±1.2 

0.4 

1964.1  £ 1.4 

1.6 

1375.7±1.1 

3.7 

1970. 0±  1.3 

2.4 

141 5.6  ±1.2 

1.3 

1975.6  £ 1.3 

2.9 

1449.0  ±1.1 

1.5 

1986.0  ± 1.3 

4.0 

1453. 6±1. 2 

0 8 

2006.7  ±1.2 

4.2 

1 469.6  ±1.2 

1.5 

2010.5  ± 1.3 

1.0 

1510  °) 

(11) 

2073.5  £ 1 .2 

14.1 

1542.3  x 1.3 

0.5 

2080.0  ±1.4 

0.6 

1 554.9  ±1.2 

1.6 

2096.6  x1.2 

6.4 

1574.4±1.2 

1.4 

2101. 0±I.  4 

3.6 

■)  Les  erreurs  sur  les  forces  sonl  de  I'ordrc  de  50  % pour  les  resonances  faibles  (<  1 eV),  et  30  \ 
pour  les  resonances  fortes. 

')  Doublet  de  resonances,  voir  texte. 

c)  Ref.  ,7>. 
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tnergie  et  torce  des  resonances  ae  la  reaction  ■‘'Mp,  y)J-,Cl 


Resonances 

Ddcroissances  y,  en  pourcentages, 

, vers  £, 

£„•) 

J7TC) 

0 

1.22 

1.76 

2.65 

2.69 

3.00 

3.16 

3.92 

3.94 

3.97 

4.06 

4.11 

4.17 

4.18 

Autres  niveaux 

(keV) 

(keV) 

r 

i + 

r 

r 

r 

r 

i- 

i 

r 

iM- 

1“ 

(°/„) 

716 

7063 

hi 

48 

18 

16 

3 

6 

2 

6 

1 

754 

7100 

r.h  r 

11  ' 

67 

4 

13 

3 

2 

832 

7175 

hi.  r 

40 

16 

4 

2 

10 

24 

6.10(4) 

848 

7192 

iV) 

72 

5 

2 

3 

15 

4.85(2),  5.01(1) 

881 

7223 

n 

58 

8 

10 

3 

I 

7 

5.21(6),  5.40(1).  5.85(1) 
5.68(2),  6.10(3) 

889 

7231 

i*  d> 

93 

2 

2 

2 

I 

928 

7269 

id) 

69 

23 

1 

1 

1 

0.5 

4.84(1),  5.01(1.5). 
5.40(0.5),  5.75(1.5) 

1020 

7358 

V) 

10 

70 

10 

0.5 

0.5 

3 

3 

1 

4.84(1),  5.01(0.5). 
5.65(0.5), 

1055 

7392 

»*.}.  r 

10 

14 

49 

8 

9 

4.35(10) 

1112 

7448 

i*.hi 

73 

4 

8 

10 

5 

1165 

7499 

7 

55 

13 

25 

1 166 

7500 

Si 

20 

70 

6.10(10) 

1 183 

7517 

r.i.i 

20 

3 

68 

2 

4.35(2).  5.59 (3),  5.60(2) 

1214 

7546 

•) 

0.2 

0.3 

0.5 

1.8 

95 

4.77(1.5).  5.59(0.2).  564(0.5) 

1226 

7558 

s i 

36 

36 

21 

1 

5 

I 

1267 

7598 

*■> 

31 

1 

2 

1.5 

19 

9 

4 

1.5 

: 

4.63(2).  4. *7i  1 i,  4.84(2), 
4.88(2),  5. ! £' 2) 

1285 

7616 

*-.* 

80 

10 

3 

1 

3 

5.21(3) 

1324 

7653 

Si 

57 

2 

32 

1 

4.84(3).  5.65(1  >,  5.63(1 ). 
6.10(3) 

1340 

7669 

hi 

2 

57 

14 

8 

4 

4 

4.35(6),  a. 88(1 ).  5. 16(4) 

1354 

7683 

hi 

72 

1 

9 

6 

5 

5.21(0.5).  5 40(2). 
5.60(2).  5.75(0.5) 

1362 

7691 

Si 

96 

2 

1 

5.60(  1 ) 

1376 

7704 

r.  i 

88 

1 

4 

1 

1 

4.84(1),  5 65(4) 

1416 

7743 

A 4-  7 9 

f » ?>  2 

2 

43 

18 

12 

5 

4.77(1  ),  4.SSi  Id) 

1449 

7775 

*.i 

16 

13 

46 

2 

7 

4 

1 

7 

4.77(2),  4.84(2 

1454 

7780 

20 

9 

5 

10 

1 

3 

40 

4.35(2),  4.77(7),  5.21(1 ), 
5.40(1),  5.59(1) 

1470 

7795 

s * 

85 

9 

4.85(0.5),  5.01(2). 

5.40(2i,  5 65(1 ).  5.75(0.5) 

1513 

7834 

B) 

27 

27 

4 

3 

35 

5.21(1), 6.10(1 ) 

1542 

7866 

62 

12 

18 

4 

5.01(4) 

1555 

7878 

;,  4,  i* 

9 

31 

30 

10 

2 

1 

4 

4.63(1),  4.84-3  •.  5.65(9) 

1574 

7897 

3 

77 

4 

2 

6 

8 

1599 

7921 

i.i.  r 

48 

28 

l 

12 

1 

1 

i 

6 

2 

1647 

7968 

hi.V 

21 

22 

5 

13 

2 

6 

4.35(8),  4.77(6),  4.63(9), 
5.21(3),  5.59(2-,  5 64(3) 

1665 

7985 

i.M* 

36 

62 

5.65(1),  6. 10)1) 

1674 

7993 

l-.i 

87 

1 

6 

3 

5.40(3) 

1680 

7999 

j +■  7 

2 * 2 

1 

76 

2 

“> 

8 

4.77(8),  5.64(3) 

1684 

8004 

s,  7,+ 

60 

20 

3 

17 

1714 

8033 

S 1 

2 

56 

5 

5 

1 1 

15 

5.80(6) 

1718 

8036 

r. 

9 

6 

17 

61 

3 

4 

1756 

8073 

}.hi 

1 

53 

2 

2 

7 

4.77(4),  4.88(2),  5.16(1), 
5.21(7),  5.59(11), 
5.64(10) 

1777 

8093 

hr 

40 

9 

17 

5 

5 

3 

2 

4.77(1),  4.84(3),  5.16(2'. 
5.21(1),  5.60(6),  5.64(5), 
5.80(1) 

1788 

S 104 

2 , .$  ♦ 

40 

35 

3 

8 

8 

3 

0.5 

1 

4.84(0.5),  4.85(0.5), 
5.60(0.5) 

1795 

8111 

4\3.i  + 

26 

32 

6 

17 

5 

5 

5.60(3),  6.49(6) 

1829 

8144 

S I 

63 

15 

3 

3 

1 

3 

9 

5.01(2),  5.68(1) 

1839 

8154 

5.  i 

4 

50 

4 

9 

7 

8 

5.21(8),  5.59(7),  5.64(3) 

1863 

8177 

?.i,i 

3 

63 

3 

4 

8 

4.63(9) 

1893 

8207 

S') 

76 

3 

16 

1 

1 

1 

2 

1902 

8215 

V) 

47 

4 

5 

44 

2073 

8382 

i J) 

3 

34 

5 

1 

25 

24 

8 

■)  Nos  resultats  (voir  tableau  I). 
indication  contrairc.  “)  Rdf  1 ). 
')  Ref.  ,5).  J)  Ref  ,8). 


*)  Calculees  avec  la  valeur  Q = 6367.4^1.6  fceV  mesurdc  dans  ce  travail.  ')  Nos  rdsultats,  sauf 
')  Refs.  7,8J.  ')  Refs.  *-7).  •)  Rif  8).  '■)  Resonance  double  (voir  paragraphes  3.3  et  4.4).  . 
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RESUL  T 

EXCITATION 

ENERGY 
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OETECTOR 

ANGLE 

type  range 

TYPE  RANGE 

G,N 

RLY 

19-  38 

C 19-  38 

ACT-I 

4PI 

RATIO  (G,N)/(E,N) 


E (MtV) 


FIG.  3.  Measured  F for  35Clfy,  n).  Dashed  curvo  Is 
a polynomial  fit  to  the  points.  Full  curves  are  Fpw  and 
.Fdw  predictions. 
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76  Sp  10 


egr 


REACTION 

RESUL  T 

excitation 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

P,G 

LFT 

8-  9 

D 2-3 

SCD-D 

55 

Abstract:  The  yield  curve  of  the  reaction  J*S(p,  y)J'Cl  has  been  measured  over  the  energy'  range  — 1.95- 
2.91  MeV  Proton  energies  and  strengths  of  84  resonances  are  given.  The  decay  schemes  of  38 
selected  resonances  have  been  studied,  and  for  these  branching  ratios  and  spin  limits  are  presented. 
The  proton  energy  of  the  well  known  J " = j”  analogue  resonance  has  been  measured  as 
£p  = ! 21 1 45  ±0.09  keV.  The  reaction  0-vaJue  :s  Q = 6371  6±0.4keV. 


Eg  E, 

<k«n  (k«V) 


Otn*r  level* 


55  50  (1ST.) 
•Ml  (4_r%) 


0 1783  5693  3163  m3  <05*  «D  4347  4769  4853  500*  55U  55*7  5845  575  * 5*05 

1219  2646  3003  >9»  19*7  4111  4177  4«2S  4«36  4MI  5163  5402  5598  5651  5754 

j-  5-  y r r 1 r 
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Fig  4.  Decay  schemes  and  branching  ratios  (° ')  of  38  of  the  resonances  observed  for  £p  > 1.95  MeV 
in  34S(p,  y)J5Cl.  Spins  and  panties  of  the  bound  states  have  been  taken  from  ref.  ,4).  Errors  in  the 
branchings  b are  typically  10  *„  for  b > 50  % to  25  % for  b v 10  %.  Weak  branchings  (b  « 1 %)  have 

errors  50  %. 
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Resonances  observed  in  Ihe  reaction  J4S(p,  y)“CI  for  Ef  > 1.95  MeV  Table  1 (continued) 
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7 

D 1 

SCD-D 
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Measurements  of  the  angular  distributions  of  y-rays  have  been  performed  for  the 
resonances  at  En  3 1019,  1267,  1285,  1340,  1354,  and  1376  keV.  The  most  proba- 

p 

ble  values  of  the  spins  of  the  resonance  states  were  obtained:  I = 3/2  (Ep  3 

= 1019,  1267  keV),  5/2  (1340,  1376  keV) . The  values  of  the  mixing  coefficients 
for  the  multipolarities  of  the  y-transit ions  have  been  determined. 


4 STATES, 
7.6-7. 7 MEV 


Results  of  Analysis  of  the  Distribution  of  y-Rays 
Emitted  in  the  “S(frp*jci  Reaction 
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The  angular  distributions  of  y-rays  from  the  reaction  Involving  the  radiation 
capture  of  protons  by  ’“S  nuclei  are  measured  at  four  resonance  energies  E = 

- 1055,  1183,  1214,  and  1416  keV.  p 
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Abstract — Mein  cross  sections  for  the  photoproducu'on  of  'Be  and  "C  from  ”F,  nAJ.  aSi  and  ,:S  targets.  ’Be  from 
""‘B.  and  "C  from  l4N  and  "0  targets  have  been  measured  using  bremsstrihlung  beams  in  the  energy  range 
0.3-1  OGeV.  The  results  have  been  compared  with  previous  measurements  and  an  excellent  agreement  has  been 
found.  In  most  cases,  the  values  .'blamed  turned  out  to  be  much  larger  than  those  expected  from  a simple 
spallation  mechanism.  A fragmentation  and/or  a fission-like  process  has  been  suggested  in  explaining  the 
mechanism  of  such  reactions. 


999=1  GEV 


Fig  I Mean  cross  secuon,  per  photon,  d,.  of  "C  photoproduc- 
tion  s s the  target  mais  number  A,  Experimental  data  are  l iken 
from:  • Ref.  [9|;  2.  Ref.  (13)  ♦.  Ref  [2],  Q.  present  work 
The  straight  line  is  a least  squares  fit  of  the  experimental  points 
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Table  3.  Comparison  beuee-r  experimentally  determined  and  calculated  cross  sections  of  'Be  and  "C  photo- 
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Data  is  a combination  for  the  doublet  at  proton  RESONANCE  ABSORPTION 

energy  of  1.89  MeV  (1891,  1993  KeV) 

Abstract:  Parameters  of  selected  levels  in  3 'Cl  have  been  determined  by  means  of  several  techniques, 
including  proton  clastic  scattering  studies,  angular  distribution  measurements,  calibration  of  the 
excitation  energies  by  a cascade  crossover  method  and  resonance  absorption  experiments.  For 
the  £p  = 1375,  1683  and  2791  keV  resonances  we  found  J'  = while  the  assignments  for  the 
£p  = 1354.  1893.  1974  and  2541  keV  resonances  were  4 ' , $*.  J'  and  J",  respectively  The  parity 
ot  the  £p  = 1891  keV  resonance  is  positive,  a J - \ assignment  is  tentatively  made  for  this  level. 

Values  for  the  proton  width  were  determined.  The  excitation  energies  of  these  resonances  and  also 
of  IS  bound  levels  were  measured  with  sub-keV  precision  The  absolute  resonance  strength  in  the 
£ =1891  keV  resonance  has  been  determined  to  be  4 I ±0  5 eV.  in  agreement  with  recent  thick- 
target  y-ray  yield  measurements. 


NUCLEAR  REACTIONS  3JS(p.  y).  (p.  p).  £ = I 4-2.8  MeV.  measured  a\E.  £,.  0). 
33CI  deduced  levels  J.  n.  f.  levels,  resonance  strength.  Enriched  targets. 


Characteristic  data  of  the 

Table  3 

resonance  absorption  experiments  with  the  £p  = 
'■‘Sip.  y)35Cl  and  a CCI^  absorber 

39  MeV  resonance  in 

Quantity 

Long  absorber  case 

Short  absorber  case 

n(  x 1023  cm  ‘ :) 

4.57 

2.20 

x2(  x 10' 23  cm2) 

22.82 

22.82 

4,  (eV) 

196  ±2.8 

9.3  ±15 

W (keV) 

0.29  + 0.04 

0.27x0  05 

nao 

0.41  +0  06 

0.20  ±0.03 

S = (27, + 1)  ^P(eV) 

4,3  ±0.7 

4.0  ±0.7 

I1  df 

0.97 

0.40 

Rows  3 to  7 contain  the  results  of  separate  gauss  fits  to  the  data  t IV  is  the  FWHM  of  the  gausstan 
instrumental  function) 
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Fig  13  Transmission  intensity  as  function  of  angle  a with  (a)  the  long  absorber  assembly  and  ( b ) the 
short  absorber  The  solid  line  represents  the  best  fit  to  the  data  with  a aaussian  instrumental  function 
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Fic  ! 1 Projection  on  the  reaction  plane  of  the  experimental  set-up  used  for  the  resonance  ahsorpnoi 
expenments.  In  the  vertical  plane  the  collimator  has  a wider  opening  in  order  to  increase  the  counting  rate 
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H Bivstoi  i'!  j I J< Cl 


Fig  14  The  absorption  integral  as  a function  of  absorber  length  d.  The  data  points  represent  values 
obtained  from  separate  fits  to  the  data.  The  solid  line  gives  the  relation  between  4 and  J resulting  from 
a simultaneous  fit  to  the  data  isee  text).  The  dotted  lines  indicate  the  associated  standard  deviation  The 
sol.d  lines  show  little  curvature  because  of  the  small  values  of  nan  corresponding  to  the  absorber  lengths 

used. 
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R.E.  Segel 

Phys.  Rev.  U^,  844  (1959) 

Cl 

56 

17 

METHOO  „ „ 

REP.  NO. 

reactor;  inverse;  Nal 

59  Se  1 

NVB 

REACTION 

RESULT 

EXCITATION 

ENEMY 

SOURCE 

DETECTOR 

ANOLE 

TYRE  RAMIE 

N.G 

SPC 

. 9 

c 0 

NAI-D 

■ 90  _ 

(8.55  MeV) 

G-WDTH 


Radiation  width: 

r = 0.009  ev 

Y 


I nternational  Conference  on  the  Peaceful  Uses  oj  Atomic  i.ncr :y, 
li>55  (United  Nations,  New  York,  1956). 
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I.  Bergqvist,  J.  A.  Biggerstaff,  J.  H.  Gibbons,  W.  M. 

Phys.  Rev.  J^8,  1049  (1967) 


METHOO 


Good 


ELEM.  SYM. 


Cl 


36 


17 


REF.  NO. 


67  Be  7 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

N,G 

LFT 

8-9 

D 0- 1 

NAI-D  0-7 

90 

SOURCE  25.50  KEV 


Tablx  X.  Cimmi  ray*  from  “CI(n,7)"C1;  E%~ 25  keV. 


Ey  (MeV) 

ly  rela- 
tive to 
C — 0 

Assignment 

Jr 

8.60 

1.0 

C — 0 

2* 

7.78 

1.2 

C — 0.79 

(0,  2)* 

7.44 

0.6 

C — 1.16 

2* 

7.00 

0.2 

C — 1.60 

2* 

6.65 

0.8 

C — 1.95,  1.96 

(1+,  2") 

6.2 

0.3 

C — * 2.5  (3  levels) 

5.9 

, A 

0.4 

C— 2.68 

5.6 

0.5 

5.0 

0.5 

4.6 

~0  2 

4.1 

~0.3 

3.6 

~0.4 

2.9 

> — 0.4 

2.6 

— 0.2 

1.94 

~0.5 

1.95,  1.96  — 0 

[(!♦,  2")  - 2+] 

* Unresolved  etructure. 


Tabu  XI.  Gamma  rays  from  ,‘Cl(a17)"Cl;  EmZxSO  keV. 


Iy  rela- 
tive to 

Ey  (MeV)  C - 0 

Assignment 

Jr 

8.60 

1.0 

C-0 

2* 

7.78 

6.1 

C — 0.79 

(0,  2)* 

7.44 

1.4 

C—  1.16 

2* 

7.00 

2.0 

C—  160 

2* 

6.65 

2.3 

C—  1.95,  1.96 

o\  n 

[6.4> 

[C  — 1,  2> 

6.2 

4.5 

C - 2.5  (3  levels) 

f§ 

"C  — 3]4 
‘C  - 4,  5> 
IC-6,  7> 

4.1 

3.6 
3.4 
2.9 

2.7 
1.94 

6.7 

(Na“(b,7)?) 
1.95,  1.96  — 0 

(!♦,  n — r 

1.58 

3.3 

2*  — 2* 

* T r mutton*  due  to  "Nefe.v),  Sam  "54  keV. 
k Unresolved  structure. 
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Tabu  L Summary  and  companion  of  neutron  separation  energies  inferred  from  present  threshold  meaauremenU  with  values  predicted 
from  nun  dale  and  reaction  energies.  All  energies  are  expressed  in  the  center -of -mass  system  in  Mev. 
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No.  runs 

l’rescnt  results 

Other  results 

Method 

Refcrencs 

pOCl** 

1 

10.307  ±0.037 

10.322±0.023 

LSA 

h 

10.316±0.004 

mass  data 
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FIGURE  1.  Excitation  function  of  the  reaction  s’VprXEl*.  The  monitor  was 
set  at  55'  to  the  proton  beam  for  recording  the  y quanta  emitted  in  the  tradi- 
tion to  the  ground  rtate: 

(a)  e,  » 2300  — 2100  keV;  (b)  2700-3200  knV. 
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TABU  2.  Matrix  element!  of  d m radiative  tr  a nil  done  of  Cl*  Into  the  ground 
itate  in  Welskopf  units 


keV 

*tr 

MeV 

eT 

MeV 

Urtu-O/.+iir^^T. 

eV 

'f 

eV 

Tran- 

sition 

Radiative 
width.  eV 

ian* 

1421 

9.781 

9.8 

1.66 

7/2+ 

0.21 

£2 

0.21 

0.38 

1468 

9.827 

9.8 

1.18 

3/2+ 

0.30 

£2 

0.01 

0.017 

Ml 

0.29 

0.018 

1864 

10.198 

10.2 

1.86 

7/2+ 

0.23 

£2 

0.23 

0.38 

£2 

0.28 

0.42 

1921 

10.268 

10.3 

1.08 

3/2+ 

0.2T 

Ml 

0.02 

0.001 

1979 

10.324 

10.3 

1.23 

8/2+ 

0.20 

£2 

0.20 

0.33 

£2 

0.01 

0.017 

2014 

10.388 

10.4 

1.08 

W+ 

0.18 

Ml 

0.17 

0.009 

2083 

10.428 

10.4 

1.88 

3/3+ 

0.47 

£2 

0.001 

0.003 

Ml 

0.468 

0.088 
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METHOD 


REF.  NO. 

74  Ve  1 


egf 


REACTION- 


RESULT 


EXCITATION 

ENERGY 


SOURCE 


OETECTOR 


ANGLE 


★ G,2N 


ABX 


18-  24 


18-  24 


BF3-I 


4 PI 


US* 


Fig.  9.  (a)  Photonuclear  cross  sections  [a(y,  n)  + a(y,  pn) ] and  a(y,  2n)  for  natural  Cl.  (b)  Partial 
photoneutron  cross  sections  cr(y,  2n)  of  37C1. 


Fig.  22.  Ratio  of  experimental  integrated  photoneutron  cross  section  <r0"  over  the  Thomas,  Reiche 
and  Kuhn  sum  rule  [0.06  NZIA).  Numencal  values  and  upper  integration  limits  £*  are  taken  from 
table  3.  Also  /J<r0*  = ±7%  for  all-nuclei. 
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Fig.  24.  The  [0*0  /( 0.06  NZIA)\  ratio  as  a function  of  isospin  T.  Possible  overall  errors  of  -- 7°,q  a e 

to  be  applied  to  nil  nuclei  shown. 


Table  3 

Experimental  integrated  photoneutron  cross  sections  ffg  = joM  °Yn(£)d£  compared  with  the 
classical  sum  rule  [0.06  NZIA]  of  Thomas,  Reich  and  Kuhn 


T = 0 

T = i 

T=  J 

T—2\ 

T = f 

Nucleus 

“O 

20Nc 

i8Si 

4UCa 

19F 

13Na 

J7A1 

u? 

4 JSc 

40Ar 

3lV 

<T0“ 

58 

42 

94 

98 

100 

108 

137 

158 

182 

210 

383 

393 

602 

(MeV  • mb) 

±4 

±3 

±7 

±7 

±7 

±7 

±9 

±10 

±12 

±14 

±25 

| ±28 

±42 

<xo7(0.06/VZM) 

0.24 

0.14 

0.22 

0.21 

0.17 

0.38 

0.40 

0.39 

0.39 

0.36 

0.57 

| 0.66 

0.8 

29 


30  23.1 


26.7 


£m  (MeV) 


30  26.7  30  30  29.5  j 29  30  30 


28 


V.  Di  Napoli,  J.  B.  Martins,  G.  Rosa,  F.  Salvetti,  0.  A.  P.  Tavares 
M.  L.  Terranova  and  H.  G.  De  Carvalho 
J.  Inorg.  Nucl.  Chem.  40,  1619  (1978) 
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th*  P*10,0*,ro<*ucc‘on  of  7Be  wd  "C  from  'T  nAJ.  aSi  and  nS  targets.  ’Be  from 
n Tvfr0m  ,N  ^ „°  tar*els  have  be*n  meaiured  usln*  bremsstrahlung  beams  m the  energy  range 

OJ-rOCeV.  The  results  have  been  compared  with  previous  measurements  and  an  escellenc  agreement  has  been 
found.  In  most  cases,  the  values  burned  turned  out  to  be  much  larger  than  those  expected  from  a simple 
spallation  mechanism.  A fragmentation  andfor  a fisswn-hke  process  has  been  suggested  m explaining  the 
mechanism  of  such  reactuns. 
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Fig  I.  Mean  cross  section,  per  photon,  a,,  of  "C  photoproduc 
(ion  ,s  the  target  mass  numtser  A,.  Experimental  data  are  taken 
from  • Ref  (9|;  2.  Ref.  (131;  ♦.  Ref  (2|.  0.  present  *ork 
The  straight  line  is  a least  squares  fit  of  the  experimental  points 
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Table  3.  Comparison  bet-acts  experimentally  determined  and  calculated  cross  sections  of  ’Be  and  "C  photo- 
pmcuction  and  indication  of  the  dominant  reaction  channels 
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In  1785,  Cavendish  published  a paper  describing  an  experiment  in  which 
nitrogen  and  oxygen  were  completely  removed  from  the  air.  •He  found  a 
residue  and  estimated  the  amount  to  be  not  more  than  1/120  of  the  total 
nitrogen.  This  experiment  was  forgotten  for  over  a century. 

In  1894,  Lord  Rayleigh  was  doing  an  accurate  redetermination  of  the 
densities  of  the  principal  gases;  he  found  the  density  of  atmospheric 
nitrogen  to  be  always  0.5%  greater  than  that  of  nitrogen  derived  from 
chemical  sources.  The  difference,  much  larger  than  the  experimental 
error,  could  be  only  attributed  to  a contaminant  in  the  nitrogen  derived 
from  the  atmosphere.  Sir  William  Ramsay  (1852-1916)  and  Lord  Rayleigh 
showed  that  the  contaminant  was  proportional  to  the  volume  of  air  used. 
They  called  this  new  gas  argon  (from  the  Greek,  argbs , "inactive")  because 
it  is  chemically  inert.  The  discovery  of  argon  has  been  spoken  of  as  the 
"Triumph  of  the  Fourth  Decimal  Place". 

The  isolation  of  argon  was  of  profound  scientific  importance  because  it 
formed  the  starting  point  for  many  great  developments  in  chemistry  and 
atomic  physics.  It  lead  directly  to  the  discovery  of  other  noble  gases 
and  completed,  in  form  at  least,  the  periodic  classification  of  the 
e 1 ements. 
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Fig.  2.  Ground-state  angular  distributions  measured  at  three  "S(a,  y)“Ar  resonance*;  distance  tar- 
get-crystal , D — 10  cm.  The  solid  curves  give  the  theoretical  angular  distributions,  including  solid 
angle  attenuation,  for  the  assigned  spins. 

Table  1 


Resonances  in  the  reaction  **S(x,  ■y)t*Ar,  energies,  spins  and  parities,  strengths,  main  decay  and  the 
corresponding  **Cl(p,  y)**Ar  resonances 


E* 

(MeV) 

MA r* 
(MeV) 

/« 

(2j+\)r.r7ir 

(eV) 

Main 

decay 

•*Cl(p,  y)**Ar 
resonances 
(£,  in  keV) 

2.554 

8.911 

2- 

0.03 

y» 

2.785 

9.117 

1- 

0.3 

y* 

3.056 

9.357 

2* 

0.05 

y* 

873 

3.161 

9.451 

0.15 

yi 

968 

3.182 

9.464 

0.05 

y»y\ 

986 

all  ±0.005 

all  ±30  */, 

Tablb 

3 

Resonances 

in  the  reaction  “G(p,  y)**Ar;  energies,  comparison  with  literature  values  and  strengths 

Resonance 

£,  (keV) 

MAr* 

(2/+i)/yyr 

number 

this  work 

ref.  »•) 

ref.  “) 

ref.  l') 

(MeV) 

(eV) 

1 

444.0 

445.9 

444.1  ±0.5 

8.938 

0.3 

2 

522.2 

9.014 

0.04 

3 

533.0 

533.8 

532.9±0.6 

9.025 

0.7 

4 

575.4 

575.9 

575.2±0.6 

9.065 

0.6 

S 

643.1 

644.2 

643.2±0.7 

9.131 

0.6 

6 

656.0 

656.8 

656.0±0.7 

9.143 

0.4 

7 

704.5 

9.190 

(0.2) 

8 

733.4 

734.6 

736 

9.219 

2.4 

9 

754.3 

755.4 

9.239 

0.5 

10 

762.4 

9.247 

0.6 

11 

772.6 

9.257 

0.4 

12 

817.0 

818.2 

819 

9.300 

1.9 

13 

859.7 

861.4 

861 

9.341 

16 

14 

873.3 

9.355 

0.5 

15 

883.5 

885.7 

883 

9.365 

3 

16 

891.6 

893.0 

890 

9.372 

3 

17 

897.6 

899.2 

896 

9.378 

6 

18 

958.6 

9.438 

0.2 

19 

968.0 

9.447 

0.5 

20 

985.9 

9.464 

2.5 

all  ±1.0 

all  ±1.5 

all  ±5 

all  ±30% 
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Giant  Dipole  Resonance  in  Ar3^*^ 

L.  Meyer -Schutxmeister,  D.  S.  Gemmell,  R.  C.  Beeree,  end  N.  G.  Puttaswamy 
Argonne  National  Laboratory,  Argonne,  IUlnole 
and 

R.  E.  Segel 

Argonne  National  Laboratory,  Argonne,  111.  and  Northwestern  University,  Evanston,  111. 


The  radiative  capture  of  protons  by  Cl3^  has  been  studied  over  the  range  4 < E <12 
MeV  which  covers  the  excitation  region  12.  4 « Ex  « .19.  2 MeV  in  Ar36.  The  experiments 
were  performed  in  a manner  similar  to  the  others  previously  reported  by  the  Argonne 
group.  Figure  l shbws  a yield  curve  taken  in  25-keV  steps  with  a I.  5 mgm/cm2  BjC12 
target;  the  Cl  enrichment  was  about  99%.  Most  of  the  yield  curve  in  Fig.  I was  taken  at 
45  to  the  incident  beam,  but  the  portion  from  7.  0 to  8.  5 MeV  was  taken  at  90°  and  an 
adjustment  was  made  for  the  gamma -ray  angular  distribution.  The  yield  curve  is  dominated 
by  the  onset  of  the  giant  resonance  but,  because  of  the  comparatively  low  Q and  also  because 
the  giant  resonance  appears  to  come  at  a higher 
energy  in  Ar3^  than  in  neighboring  nuclides,  the 
beam  energy  was  not  high  enough  to  reach  the 
peak  of  the  giant  resonance.  There  is  a great  deal 
of  fine  structure  but,  at  least  in  the  giant -resonance 
region,  the  direct-interaction  component  contri- 
butes most  of  the  cross  section. 


The  Yt  yield  curve  is  qualitatively  similar 
to  that  obtained  for  y„  except  that  the  yt  yield  is 
still  rising  at  the  high-energy  end.  This  indicates 
that  the  peak  of  the  y^  giant  resonance  has  not  yet 
been  reached.  The  integrated  (y„,p0)  yield,  obtained 
by  detailed  balance,  is  0.  060  MeV-b  which  is  about 
11%  of  the  dipole  sum  [ taken  as  (2w2e2fl/ Mc)(NZ/ A)]  . 

Angular  distributions  were  taken  every  100 
keV  over  the  entire  range,  some  samples  are 
shown  in  Fig.  2.  The  angular  distributions  show 
marked  variations  below  the  giant-resonance  region 
but  then  settle  down  to  the  usual  near -invariance 
at  higher  energy.  The  greater  yield  in  the  forward 
direction,  indicative  of  E1-E2  interference,  is 
quite  marked. 


Fig.  1.  Yield  curve,  taken  in  25- 
keV  steps,  for  the  Cl*  * (p,  y#  )Ar*  * 
reaction. 
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Fig.  2.  Typical  angular  distribu- 
tions observed  for 

Cl»»<P,Y)Ar»*,Ar>** 
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Tar- 
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(F.P)- 
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MeV 
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Dicke 

End- 

energie 

MeV 

Zahl 

gemess. 

Protonen 

Ausbeute 
Mb/MeV  sr 

12. 5 

ja(E)ilE  Figur 
MeVmb 

|S0 

99 

16,0 

230  Torr 

32.5 

36074 

58+7 

38  — 6 

1,  2 

-°Ne 

v0,9 

12,8 

450  Torr 

28.0 

3 175 

7,4+  1 

- 

- 

610  Torr 

32,5 

6 293 

14,9+2 

61  — 11 

5,  6 

::Nc 

99,9 

15.3 

240  Torr 

24.0 

I960 

2,3  ±0,4 

- 

4.  5 

28,0 

4 790 

3,6 + 0,6 

- 

4,  5 

32,5 

5210 

6,7 + 0,9 

45  z 8 

4,  5 

;jNa 

100 

8,8 

65  u 

24.0 

14  182 

6,3  + 1,0 

— 

7 

60p 

32.5 

1 1 152 

12.8+2.0 

117-30 

7 

J0Ar 

99 

8.5 

250  Torr 

32.5 

45173 

57  +6 

270  z 40 

8,  10 

:0Ar 

99,6 

12,5 

230  Torr 

32,5 

29  559 

14,2+  15 

104  z 13 

9,  11 

joK 

93,1 

6,4 

80  m 

24.0 

24  230 

17.4+2,8 

- 

12 

90  m 

32.5 

24941 

41.9+6,7 

405  z 100 

12 

SJKr 

99 

10,7 

1 70  Torr 

32.5 

•5  515 

12,7+2,0 

O 

1 1 
o 

14 

Kr 

naturl. 

10 

1 70  Torr 

32.5 

13  570 

1 2,5  r 3,0 

75  z :o 

13 

Xe 

naturl. 

9 

150  Torr 

32.5 

'553 

7.6 + 0,9 

40  z * 

15 

Fig.  S Histogramm:  Energie\erteihing  der  Photoprotoncn  aus  ^Ar 
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Fig.  1.  - The  obaerrod  diflorenUol  crosa-section*  tor  "Cl(p,  r)‘‘Ar  at  80*:  a)  T«)**Ar); 

t>)  «t^,*CKp.r»)“Ar*)1 
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Magnetic  transitions  In  "Ar  have  been  Investigated  by  IflO'  electron  scattering  from  an  ls<^ 
topically  enriched  gaseous  La  not  at  energies  of  19  and  56  MeV.  As  In  the  case  of  BS,  consid- 
erable fragmentation  of  the  magnetic  dipole  strength  1s  evident.  Magnetic  dipole  transitions 
are  observed  at  10.05  and  11.25  MeV  with  ground-state  transition  widths  of  6.2  and  fl.9  eV, 
respectively.  A magnetic  quadrupole  transition  Is  observed  at  9.44  MeV  with  a ground-state 
transition  width  of  10.6*  10  5 eV.  Thro  possible  magnetic  quadrupolo  transitions  and  one  pos- 
sible magnetic  dipole  transition  are  observed  at  7.46,  11.58,  and  12.09  MeV,  respectively. 
Ambiguous  results  were  obtained  as  to  the  multipolarity  of  two  transitions  at  9.27  and  10.55 
MeV.  The  experimental  results  are  discussed  In  terms  of  the  theory  of  Kurath. 


TABLE  I.  Differential  cross  sections,  spin  sad  parity,  transition  radius,  sad  radiation  width  for  energy  levels 

la  *Ar,  Including  DWBA  corrections. 


Level  energy 

(do/dO),. 

(do/d Q). 

R 

r, 

(MeV) 

(10~**  anVar) 

Jw 

(fm) 

(eV) 

7.46  *0.05 

27*6 

29*6 

an 

4.otf:J 

3 Jt};7x  10“* 

8.44  *0.04 

45*7 

47*13 

2- 

4.otf:i 

10.6t}jx  10  "* 

9.27*0.04 

38*8 

82*14 

a*) 

1441 

on 

4.9tW 

3.0t|;}x  io-* 

10.05  *0.06 

41*8 

117*17 

i* 

« -2i.fi 

10.55*04)6 

33*6 

51*19 

a*) 

!•*-}:»• 

2-2-tl 

an 

5.0tf;t 

S.ltJjX  10 -* 

11.25  *0.06 

38*9 

114*23 

1* 

3.4*4;} 

8.941 

11.56  *04)6 

42*6 

48*21 

an 

< »41 

6.941*  10  "* 

124)9*04)7 

42*16 

71*27 

an 

2J4;|. 

54)t}1 

* If  the  data  and  equations  yield  Jt1  <9,  the  lower  Unit  of  it  Is  taken  to  be  sere. 
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FIG.  1.  Differential  cross  section  for  180*  scattering 
of  39 .2- Me V electrons  from  *Ar.  If  the  ordinate  Is  re- 
garded as  arbitrary  counting  rate,  the  dashed  curre 
gives  a comparison  of  the  counting  rate  resulting  from 
the  two  Havar  folia  (target  chamber  evacuated)  with  that 
resulting  from  the  chamber-filled  condition!  It  Is  not  a 
cross-eectlan  curre. 


FIG.  2.  Differential  cross  section  for  180*  scattering 
of  56.2- Me V electrons  from  *Ar.  If  the  ordinate  Is  re- 
garded as  arbitrary  counting  rate,  the  dashed  curve 
gives  a comparison  of  the  counting  rate  resulting  from 
tfas  taro  Havar  foils  (target  chamber  evacuated)  with  that 
resultli*  from  the  chamber-filled  condition;  it  is  not  a 
cross-section  curve. 
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Errata 
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Decay  of  a New  Isomer  in  l5<n>  to  High-Spin  Levels  in 
>54Cd,  L.  L.  Riedinger,  D.  C.  Sousa,  E.  G.  Funk, 
and  J.  W.  Mihelich  tPhys.  Rev.  C 4,  1352  (1971)]. 
The  following  by-line  was  inadvertently  omitted: 
Research  supported  in  part  by  the  U.  S.  Atomic 
Energy  Commission.  Ths  FN  accelerator  is  sup- 
ported by  the  National  Sclencg  Foundation. 


States  in  *Ar  Excited  by  180°  Electron  Scattering, 

L.  W.  Fagg.  W.  L.  Bendel,  E.  C.  Jones,  Jr., 

L.  Cohen,  and  H.  F.  Kaiser  [Phys.  Rev.  C 5,  120 
(1972)].  The  ninth  line  m the  first  column  of  page 
123  should  read:  "...  that,  with  the  filling  of  the 
d^,  shell  at  “SI,  there." 


MCTMOO 


J.  M.  Finn,  H.  Crannell , P.  L.  Hallowell,  J.  T.  O'Brien  and 
S,  Penner 

Nucl.  Phys.  A290,  99  (1977) 
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Abstract:  Tbs  low-lying  level  structure  of 14 Ar  and  *°Ar  has  been  investigated  using  the  technique  of  1.97,4.18  MeV 

inelastic  electron  scattering.  Data  were  collected  at  the  National  Bureau  of  Standards  i 
Accelerator  with  incident  electron  energies  between  65  and  115  MeV  and  scattering  «ngi««  0f 
92.5*  and  1 1 0*.  The  data  span  a range  of  momentum  transfer  squared  between  0.29  and  0.92  fin"1. 

Tassie  model  and  Helm  model  analyses  have  been  applied  to  data  for  levels  at  1.97  and  4.1S 
MeV  in  ,4Ar  and  at  1.46,  2.52,  3.21  and  3.66  MeV  in  40Ar.  A 2*  assignment  to  the  3.21  MeV 
stats  in  *®Ar  is  suggested.  Transition  strengths,  transition  radii,  and  lifetime  for 
states  are  computed  and  compared  with  results  of  previous  experiments. 


0.2  0.3  0.4  a 3 0.S  0.7  0.«  0.S 


q*  (fm-*) 


Fig.  1.  The  ratio  of  the  ,4Ar  experimental  differential  cross  sect  ion  to 
the  Coulomb  corrected  point  differential  cross  section  as  a function  of 
momentum  transfer  squared.  The  smooth  curves  represent  the  best  fit 
of  the  Tassie  model  to  the  data. 
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34  Ar  inelastic  scattering  cross  section 


F9KM  Mg$-41i 

IDIV.  7-1  4.  441 

USCOMM  W1SOC 


Incident 

energy 

(MeV) 

Scattering 

angle 

(deg) 

Elastic  scattering*) 
cross  section 
Orb/sr) 

Inelastic  scattering  cross  section  (nb/sr) 

1.97  MeV(2+) 

4.18  MeV(3“) 

115.74 

110.29 

0.712 

201  ±4 

273  ±9 

105.61 

110.44 

2.462 

292  ±8 

309  ±5 

95.58 

110.44 

6.988 

405±8 

311  ±6 

85.32 

110.36 

17.82 

513±17 

281  ±7 

75.13 

110.33 

41.12 

587±22 

223  ±5 

64.97 

110.33 

89.03 

579±28 

171±10 

over 

*)  Phase  shift  analysis  of  Fermi  two-parameter  modal  fit  to  the  data  with 
- 2.232  fin. 

€ ->  3.536  Dm  *nd:o""E*CE 

tanoahos 

Tail*  J 

Tuu«  model  perimeter*  •) 


Nucleus 


to 

(MeV 

r 


(fm“) 


C.r 

(fm) 


'•  r 

(fm) 


X ,* 


* (*.,/*„•)») 

(fm) 


40Ar 


4Ar 


1.46 

2.52 

3.21 

3.68 

1.97 

4.18 


2* 
2 * 
2* 
3- 
2* 
3~ 


382±13  2^3  ±0.12 

63.2 ±11.5  3.09±0.42 
29.3  ±4.0  2.03  ±0.47 
8750±1020  3.23 ±0.69 
280±16  3.62  ±0.18 

1 1300±470  4.10  ±0.23 


3.21  ±0.08 
3.48  ±0.39 
2.95  ±0.28 
2. 15  ±0.46 
1.76  ±0.30 
1.23  ±0.36 


2-84 

0.99 

1.22 

0.78 

0.56 

0.68 


5.21  ±0.29  1.07±0.06 
5.94  ±0.83  1 .22  ±0. 1 7 
4. 72  ±1.07  0.97  ±0  22 
4.97±1.04  0.91  ±0.19 
4.36 ±0.24  0.92 ±0.05 
4.58 ±0.26  0.87±0.05 


')  DWBA  approximation.  ' " ■ — 
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Helm  model  parameters 


Nucleus 

01 

(MeV) 

r> 

BiCL) 

(fm11-) 

** 

(fm) 

Z.2 

9 

40Ar 

1.46 

2* 

334±44 

4.44  ±0.11 

7.9 

5 

2.52 

2* 

45  ±24 

4.98  ±0.38 

1J 

5 

3.21 

2* 

29±17 

4. 19  ±0.50 

1.2 

5 

3.68 

3- 

10800  ±2900 

4.80  ±0.26 

1.0 

3 

,4Ar 

1.97 

2* 

330±40 

4.42  ±0.10 

1.2 

3 

4.18 

3- 

16200  ±2000 

4.79  ±0.15 

0.4 

5 

Tabli  5 

Transition  strengths  from  present  work 


Nucleus 

CO 

(MeV) 

Jr 

1*1* 

(W.u.) 

(CV) 

40Ar 

1.46 

2* 

9.4  ±0J 

(4.10±0.14)x  10~* 

2.52 

2* 

1.6  ±0.3 

(1.04±ai9)xl0-» 

3.21 

2* 

0.72±0.I0 

(1.61  ±0.22)  X10-* 

3.68 

3- 

13.2  ±1.5 

(4.30  ±0.30)  x 10-* 

*‘Ar 

1.97 

2* 

7.9  ±0.5 

(1.34  ±0.08)  x 10"* 

4.18 

3- 

21.0  ±0.9 

(1.35  ±0.06)  x 10“  * 

■ 

m 

■ 


Ar 

A- 38 


/ 


! 

i 

i 

I 

i 

] 


Ar 

A=38 


c.  r . 


c._  =.M.  afVi. 


F.  C.  Erne  and  C.  Van  der  Leun 
Nucl.  Phys.  i2,  515-523  ( L964) 


Ar 
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L8 


METHOD 


S34(a,r)Ar3^ 


REE.  NO. 

64  Er  i 


JOC 


EXCITATION 

SOURCE 

DETECTOR 

REACTION 

RESULT 

ENERGY 

TYPE  PAN  0| 

TYPE  PANO* 

ANGLE 

! A,G 

RLY 

9 - 10 

D 2-3 

NAI-D 

DST 

i 

(2.2  - 3.2) 

! 

J-PI.  WIDTHS 


Fig.  3.  Ground-state  angular  distributions  measured  at  six  MS(at,  y)**Ar  resonances.  The  solid  curves 
give  the  distributions  for  the  assigned  spin  values,  taking  into  account  the  solid  angle 

attenuation. 


I 

I FORM  MIS-411 

I (NCV.  7-I4-S4) 

uscomm-oc  asoio-Re« 

I 


Table  2 


Resonances  in  the  reaction  MS(ot,  y)“Ar;  energies,  spins  and  parities,  strengbts  and  decay 

E' 

“Ar* 

(2/+1  )/vr,/r 

Main 

(MeV) 

(MeV) 

(eV) 

decay 

2.670 

9.602 

1- 

4.0 

y* 

2.772 

9.693 

1- 

1.5 

y* 

2.911 

9.817 

1- 

0.3 

y% 

3.025 

9.919 

1- 

4.5 

y* 

3.116 

10.001 

1- 

3.0 

y* 

3.161 

10.041 

1- 

4.5 

y* 

ill  ±0.005 

all  ±30% 
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W.  R.  PhiLLips 

Nucl.  Phys.  60,  544-554  (1964) 


38 


METHOD 


34  38 

Electrostatic  generator/  S (u,y)A 


REF.  NO. 

64  Ph  1 


18 


JOC 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPI  RANGE 

TYPE  RANGE 

A,G 

RLY 

9 - 11 

D 3-4 

NAI-D 

DST 

(3.0  - 3.6) 

J-PI.  WIDTHS 


Table  1 


Resonances  observed  in  the  S34(a,  -/)A33  reaction 


(MeV)  1 

A MeV) 

E 

cxc  t 

2.670  ±0.005 

1- 

9.601=0  008 

2.772±0.005 

1- 

9.698-0.008 

2.911  ±0.005 

1- 

9.817  = 0.008 

3.025±0.005 

O 

L.J 

II 

o 

b 

O 

20.002 

1- 

9.920  = 0.008 

3.1 16— 0.005 

3.12  = 0.010 

^0.002 

1" 

•10.001=0.008 

3.161—0.005 

3.17  = 0.010 

20.002 

1- 

10.043  = 0.008 

3.29±0.010 

20-002 

1- 

10.16  =0.012 

3.34±0.010 

20.002 

1- 

10.20  =0.012 

3.40  = 0.010 

20.002 

1- 

10.26  =0.012 

3.49±0.010 

20.002 

1- 

10.34  =0.012 

3.55±0.010 

20.002 

1- 

10.39  =0.012 

3.60±0.010 

20.002 

1- 

10.43  =0.012 

Table  3 

Radiative  widths  of  the  10.34  MeV  level 


(MeV) 

Fy 

(eV) 

\M  - 
( x 10-3) 

10.34 

0.52 

0.62 

8.17 

0.16 

0.38 

6.33 

0.065 

0.34 

5.74 

0.076 

0.53 

FORM  NBS-4U 
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USC  OMM.OC  2S0I0-PS4 
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D.  Ehhalt,  R.  Kosiek  and  R.  Pfeiffer 
Z.  fur  Physik  _137,  210  (1965) 


Ar 


38 


18 


METHOO 


REF.  NO. 

65  Eh  l 


EGF 


reaction 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RAN  GE 

TYPE  RANGE 

G,N 

ABY 

THR  - 31 

C 18-31 

ACT- 1 

4PI 

Tabelle  1 


£ . 

M«V 

Ausbcuto  T(£f) 
Ar»(r,  *)+A 
ub/MoV 

Ausbeutc  K(£«) 
AfJ'(r.  <i) 
ub/MeV 

* 

MeV 

AusbcuU  f (£«) 
Ar«(r,  *)  + Ar«(T,f) 
lib/MeV 

Ausbcul*  Y(£t) 

A r»'(r.«) 
nb/M«V 

18,1 

299+  17% 

131+25% 

26,4 

510±  3 % * 

303  ± 3 % * 

20.1 

418+  10% 

217  ±12% 

28,6 

535±  2% 

330±  3% 

22.1 

547+  7% 

286  ± 9% 

30,7 

316±  2% 

337  ± 3% 

24,3 

563  ± 3% 

322  ± 4% 

* Da  die  Ergebnisse  der  Bestrahlung  bei  26,4  MeV  fur  beide  Isotope  zu  klein  aus- 
fallen,  das  Verhaltnis  der  Ausbeute  beider  Isotope  jedoch  mit  den  Werten  bei  andereo 
Endenergien  ubereinstimmt,  scheint  bei  dieser  Bestrahlung  ein  Fehler  bei  der  iCammer* 
justierung  unteriaufen  zu  sein. 


FORM  NBS-411 
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K.  G.  Kernbach 

Lettere  al  Nuovo  Cimento  III,  46 I (1970) 


Ar 


33 


18 


METHOD 


REE.  NO. 


70  Ke  1 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 



RLX 

14-22 

D 4-12 

NAI-D  10-22 

90 

JcKYjPq)  38/36  « 1/3  (or  both) 


1H<3 


txcitation  energy  (MeV) 


14.14  15.11  1608  17.06  18.03  19.00  19.98  20.95  21.93 


D|.  J.  - The  observed  differential  croai-sectloos  tor  "Clip,  rl“Ar  st  90*:  •)  ese^"Cl(P>  Tt)uAr);  b)  »»»^,'Cl(p,  Ti)“Ar4). 


form  NBS-418 

(REV.  7-  I 4-841 
UJCOMM-OC  26  010-  Pe  4 
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REF. 
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A.  Chevall ier , E.  Bozek,  J.  Chevaliier,  A.  Zape,  R.  Armbruster 
Nucl.  Phys.  A191.  201  (1972) 
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REF.  NO. 

72  Ch  1 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

A ,G 

ABX 

10-12 

D 4-5 

NAI-D 

DST 

(10.58-11.44) 

J-PI.  12  LEVELS 


E-(Htv)  E,  (H«V) 

J 

l 

— 

• 

4.857  11.31— tt 

o-4- 

” T 

-i 

4.591  n.32  —47— IB— 

7 

4.SH  11.25  — 100 — [-  < 

4.314  11.07  — 56 — 3 

r 

_ 

n1 

0— 

— 1 

0 

' 

4.214  11.02  — 1 

l_ 

.4.06*  *1.  (5  —it 

3. 178  10.88  —* 

3.773  0.51— ' 

tous  t 0.010 

2.1  7 

o 


L?l:1)r«rf  f.y) 

J* 

N0tr»  trovol 

Naira  tnxol 

3* 

•t  oL 

7.o : 12® 

10  : 3 

I" 

u:  io 

10  13 

I3-) 

10  1 1.7® 

5.0 1V7 

1- 

i.i : as 

i.i : os 

(3-1 

as:  as® 

201 1.2 

1- 

i : 3 

18  IS 

3- 

SJ1  2J3® 

5.81  2.0 

1 * 

i.8i  as 

1.6108 

1“ 

2.7 : as 

6.8113 

r 

i.7 : as® 

2.1107 

1- 

4.1  1 u 

7.31  IS 

3- 

131  1.1® 

LI  1 1.4 

1‘ 

4. 5:2.5 

7.i : as 

8.61 10 

y. 

3.0:  1.5 

831  20 

S3!  10 

I* 

4 s:  vs 

631  23 

I" 

2.011.0 

i.s:  as 

1.8108 

r 

0.9:01 

as:  as 

081  OS 

613 

151  1.2 

LSI  1.S 

4* 

io- jr 
n-sr 

i* 

2* 

r 

(1,2  )* 
IT 
2* 

J* 

0* 

2* 

0* 


Fig.  2.  Niveau*  observes  dans  la  reaction  3*S(i,>'),,Ar  (a)  les  quantiles  mdiquecs  correspondent 

ici  au*  rayonnements 


(over) 


FORM  NSS-418 

(REV.  7- 1 A-  #41 
USCOMM-OC  2S010.PS4 
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Tasuau  I 


Coefficients  At  et  Aa  des  distributions  angulaircs  y0  et coefficient  de  melange  de  multipolarity 
des  transitions  y limites  infirieures  des  transitions  6lectriques  dipolaires  observes  dans  **Ar 


£.,  - (MeV) 

A» 

V) 

<»*) 

r,  (eV)  •) 

E, 

\M\*  x 10* 
(U.W.) 

10.58  -<■  0 

-0.91  ±0.07 

j- 

1.1 

±0.4 

0.12  ±0.05 

10.68  — 0 

-0.88  ±0.11 

| * 

0.3 

+0.2 

0.04  +0.03 

10.85  -0 

-0.89  ±0.07 

| * 

0.6 

±0.2 

0.06  ±0.02 

10.94  — 0 

— 0.93±0.I0 

J * 

1.6 

±0.5 

0.16  ±0.05 

11.00  — 0 

— 0.90±0.05 

1 * 

2.1 

±0.7 

0.21  ±0.07 

11.02-0 

-0.90  ±0.05 

1 * 

2.3 

±0.9 

0.23  +0.09 

11.02-2.17 

+0.2  ±0.2 

1 * 

-0.3  ±0.2 

0.5 

±0.3 

0.09  —0.05 

11.05-2.17 

— 0.30±0.06 

+0.1 5 ±0.07 

3* 

— 0.07  =0.03 

0.5 

±0.2 

0.09  +0.04 

11.07-0 

-1.01  ±0.10 

l * 

1.4 

±0.5 

0.14  =0.05 

11.07 -2.17 

-0.4  ±0.5 

| " 

-0.0  -0.2 

0.8 

±0.3 

0.16  +0.05 

11.12  -2.17 

-0.25  ±0.08 

+0.22  ±0.08 

3* 

-0.11-0.04 

0.2 

±0.1 

0.05  +0.02 

11.18-0 

-0.78  ±0.09 

| “ 

0.9 

±0.3 

0.08  +0.03 

11. 18-2.17 

-0.1  ±0.2 

1 * 

-0.00+0.03 

1.0 

±0.4 

0.17  ±0.07 

11.25-0 

-0.9  ±0.2 

1 - 

0.55+0.20 

0.05  +0.02 

11.27 -2.17 

-0.48  ±0.07 

+ 0. 17±0.07 

3* 

-0.02+0.03 

0.8 

±0.3 

0.14  +0.05 

11.32-0 

-0.91  ±0.16 

1 * 

2.4 

±0.8 

0.22  -0.08 

11.32  - 2.17 

+0.1  ±0.5 

| “ 

0.2  -0.2 

0.9 

±0.3 

0.15  +0.06 

11.38—0 

-0.96  ±0.1 5 

1 * 

0.4 

±0.2 

0.035+0.015 

11.40-  2.17  *) 

-0.4  ±0.3 

-0.4  ±0.2 

(3-) 

-0.23-0.15 

0.7 

±0.2 

0.12  +0.04 

11.43-0 

— 0.80±0. 10 

1- 

1.8 

+0.6 

0.16  =0.05 

11.44-2.17 

-0.42  ±0.08 

- 0. 1 5 ±0. 10 

3- 

-0.02+0.03 

1.0 

±0.3 

0.17  =0.05 

*)  J* i = 0*  ou  2*  pour  £,(J,Ar*)  = 0 et  2.17  MeV  respectivement. 
*)  Le  signe  de  6 est  ddtermind  selon  la  convention  de  Rose  et  Brink. 
e)  En  supposant  > T,  et  f,  > ry. 

*)  Les  calculs  ont  tti  faits  pour  le  spin  3".  qui  cst  plus  probable. 


1 V 


rep.  K.N.  Sinha,  A.G.  Hwang,  H.-B.  Mak,  H.C.  Evans 
Can.  J.  Phys.  57,  781  (1979) 


CL CM.  SYM.  A 


Ar 
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18 


METNOO 


REP.  NO. 

79  Si  9 


hg 


REACTION 

RESULT 

EXCITATION 

ENEROY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

A.G 

LFT 

9-11 

D 2-4 

SCD-D 

DST 

(9.598-10.334) 

(2.669-3.481 

) 

The  reaction  J4S(a.y)J,Ar  has  been  investigated  in  the  energy  range  £,  - 2. 0-3. 5 MeV. 
Eighteen  resonance  levels  were  found,  nine  of  which  have  not  been  previously  reported;  six  of  the 
new  levels  have  J > l.  The  excitation  energy.  P.  decay  scheme,  mixing  ratio,  and  transition 
strength  for  decays  from  the  resonances  were  deduced. 


COS'  • 


Fig.  5.  Angular  distributions  for  ground  state  decay  of 
,4S<a.Y),,Ar  resonances.  The  circled  numbers  refer  to  reso- 
nance numbers  given  in  Table  I. 


Table  1.  Resonances  in  the  34S(a,Y)”Ar  reaction 


Present  work  Literature  values 


Resonance 

(keV) 

P 

to  y* 
(eV) 

£. 

(keV) 

P 

art 

(eV) 

Reference 

1 

2669  ± 3 

1- 

l .71  ±0. 34t 

2670 

1- 

4.0±  1 .2 

2 

2 

2774  ± 3 

1- 

1.3  ±0.3 

2772 

1- 

1 .5  ±0. 3 

2 

3 

2894+  3 

3- 

0.3 

4 

2909  + 3 

1- 

0.3 

2911 

1* 

0.3±0.1 

2 

3 

3002  ± 3 

2* 

0.6 

6 

3022  ± 3 

1- 

2.62±0.J6t 

3023 

1* 

4.5±  1 .5 

2 

7 

3066  ± 3 

2* 

0.2 

a 

3109+10 

1- 

1.7  ±0.4 

3116 

1- 

3.0±  1 .0 

2 

9 

3I53±  3 

1- 

2.0  ±0.5 

3161 

1- 

4.3  ± 1.5 

2 

10 

3173  ± 3 

0.04 

11 

3196±  3 

3- 

0.6 

12 

3284+10 

2* 

0.3 

13 

3311  ± 3 

3* 

2.4  ±0.6 

14 

3323  ±10 

1- 

4.9  ±1.2 

3324 

1- 

8 ±4 

3 

13 

3364±  10 

0.04 

16 

3394±  10 

<0.04 

17 

3401  ±10 

1- 

2.6  ±0  6 

3408 

1- 

2.7±  1 .4 

3 

18 

3491  ±10 

1- 

1.6  ±0.4 

3498 

1- 

2. 1 ± 1 . 1 

3 

All  ± 3 keV 


•Error  is  ± }0%  «h*a  not  mrticmd 
TAbaotuu  urefLb  nuumnot. 


J-PI,  G-WIDTH 


Fig.  7.  Angular  distributions  and  x2  used  to  assign  spin  to 
resonance  7 at  “ 3066  ke V. 
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Table  3.  Transition  strengths 


Resonance 

Transition 

Mixing 

ratio 

\M\“ 

(Wu) 

energy 

Em  (keV) 

£*  Ef 
(keV) 

V - // 

El  X 10*3 

Ml  x 10-3 

E2x  10*3  M2 

2669 

9 598  - 0 

1-  -V 

0.84±0. 17 

2774 

9 692  -»  0 

1-  - 0* 

0.30  ±0.09 

3377 

0* 

0.68±0. 19 

3936 

2* 

1 

0 
© 

1 + 
o o 

2 N> 

0.38±0. 11 

<1.3 

2894 

9 799  - 3936 

3*  - 2* 

0.17 

2909 

9 813  - 0 

1-  - 0+ 

0.12 

3377 

0* 

0.04 

3002 

9 896  - 0 

2*  - 0* 

25 

2168 

2* 

0.27  ± 0.06 

3.3 

13 

3810 

3“ 

0.11  + 0.07 

0.14 

0.03  < M2  < 0.54 

3936 

2* 

-0  84  + °'21 
-0.84  _ 0 2? 

1.3 

80 

4566 

2* 

-0.18  ± 0.13 

4.7 

18 

3022 

9 914  - 0 

1-  - 0+ 

1.2  ±0.3 

3066 

9 953  - 2168 

2*  - 2* 

->■» 

0.7 

60 

3810 

3- 

~°  07  - S.'09 

0.07 

3936 

2* 

-1  43  + 032 
‘•4-*  - 0.37 

0.7 

150 

3109 

9 992  - 0 

1-  - 0+ 

0.74±0. 17 

3155 

10  033  - 0 

1-  - 0+ 

0.86±0.22 

3196 

10  070  - 2168 

3-  - 2* 

0.08 

3936 

2* 

0.02  ± 0.04 

0.03 

2 90  + 1 11 
2 90  - 0.54 

0.003 

3 

4480 

4- 

. + 0.20 

30 

U2/  - 0.10 

3 

2 90  + 0 83 
z - 0.94 

0.4 

300 

4566 

2* 

0.09  ± 0.04 

0.2 

0.2 

6212 

2* 

-0.05  ± 0.08 

0.3 

3284 

10  148  - 0 

2*  - 0* 

6 

2168 

2* 

0.05  ± 0.04 

5 

3311 

10  172  - 2168 

3‘  - 2* 

-0.05  + 0.04 

0.43  ±0. 10 

3936 

2* 

0 

0.27  ±0.09 

4480 

4* 

0.14  + 0.05 

21  ±6 

43  ± 12 

1 ±0.5 

2I00±  900 

4566 

2* 

0. 24±0.07 

3323 

10  183  - 0 

i - - 0* 

2.0  ±0.5 

3401 

10  253  -»  0 

l~  -0* 

0.77±0.18 

3377 

0+ 

0.58±0. 13 

3491 

10  334  - 0 

1-  -*  0* 

0 . 49  ± 0 . 1 1 

3377 

0 + 

0.21  ±0.05 

'Error  u —VT7.  whtn  not  indicatad. 
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REF.  NO. 


55  Sp  3 


JOC 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE  j 

TYPE  RANGE 

TYPE  RANGE 

G,P 

SPC 

THR  - 23 

C 23 

EMU-D 

DST 

Table  II.  Values  of  a,  b,  and  e for  the  angular  distributions. 
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Tabelle 


Element  Dick*  Crumu  Geummil  Auibcuu  Auabcuta  E,  m.,(eip) 

(mg/ cm2)  aufldtung  gamcmcncr  (jtb/M«V  • tier)  10*  Ha  (M«V)  (McV) 

(keV)  u-Ttilehea  MoTT 


A1  2.35  770 

Ar  200Torr480 
S«  3,72  790 

Ag  3,12  670 


14600  1,3  ±0,2 

5200  3,0  ±0,5 

12200  0,28  ±0,04 

3150  0, 12  ± 0,02 


3.5  ±0,6 

(*3.5) 

3.5 
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4.5 
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6.5 

Fig.  1.  a Huiogramm:  Gemmim  Eocrgicvertcilung  und  differenticlle  Ausbeute  der  Photoa-Teilchen- 

b Ken*:  Ng km  An^bm  m Tot 
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D 13 

TOF-D 
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TABLE  I.  Transition  strengths  for  excited  states  of 
“Ar.  * 


NEUTRON  ENERGY  ( M«V ) 


CxeltAtlao  h*r0 

(NeV) 

Ar**  of  Ratanue* 
(MtV-ab/itar) 

* \o  * 

(*v) 

r b 

YO 

(eV) 

10.393 

. (0.075) 

( 11.  3) 

(7.5) 

10  A 18 

(0.064) 

( 9.6) 

(6.4) 

10. 451 

(0.033) 

( 5.0) 

(3.3) 

10.481 

(0.033) 

( 5.0) 

(3.4) 

10.573 

0.047 

7.3 

**•9 

10.59,3 

0.052 

3.1 

5.4 

10.614 

0.059 

9.3 

6.2 

10.680 

0.04  4 

7.0 

4.6 

10.728 

0.044 

7.0 

4.7 

10.762 

0.080 

12.8 

3.5 

10.813 

0.072 

11.7 

7.8 

10.92 

0.080 

13.2 

8.8 

11.08 

0.031 

5.2 

3.5 

11.09 

0.066 

11.2 

7.5 

11.20 

0.0k2 

7.3 

4.8 

11.26 

0.03k 

6.0 

4.0 

11.3* 

0.050 

8.9 

5.9 

11.43 

0.062 

11.2 

7.4 

11.51 

0.083 

15.2 

10.1 

11.67 

0.023 

4. It 

3.0 

11.71 

0.018 

3.5 

2.3 

11.81 

0.060 

11.5 

7.7 

U.  90 

0.0k7 

9.2 

6.2 

12.06 

0.045 

9.1 

6.0 

(12.16) 

(0.0k2) 

(8.7) 

(5.8) 

12.27 

0.022 

4.6 

(3.1) 

12.  41 

(0.02) 

(4.5) 

(3.0) 

'Assuming  angular  distribution  1 sin1#. 
^Assuming/ 


PIG.  2.  Differential  cross  section  at  90*  for  the  reaction  “Arfy,  *^*Ar.  Note  the  chaise  of  scale  at  a neutron 
energy  of  1 MeV.  The  inset  shows  the  same  cross  section  plotted  as  a f motion  of  photon  energy,  and  averaged 
over  200-keV  intervals. 
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Fig.  5.  Ground  state  neutron  cross  section  over  the 
entire  region  studied.  Data  have  been  averaged  over 
200  keV  intervals.  The  data  are  a collage  of  results  ob- 
tained using  1 1 different  end-point  energies.  Statistical 
errors  are  approximately  the  diameter  of  the  circles. 
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Fig.  4.  The  90°  differential  photoneutron  cross  section  for  the  reaction  *°Ar(y,  no)14Ar  m the  low  energy  region,  c. 
Note  changes  in  both  vertical  and  horizontal  scales. 


Fig.  9.  The  total  photoneutron  cross  section  for  44 Ar. 


Fig.  8.  The  energy  dependence  of  the  relative  number 
of  non-ground  state  transitions  from  excited  states  in 
44 Ax.  100%  means  that  all  photoneutrons  are  emitted 
during  decays  to  excited  states  of  14Ar. 


Fro.  7.  An  example  of  a photon  difference  spectma 

pom  MSS-4U  obtained  by  subtracting  two  bremutrahhmg  intensity 
ir«v.  7.I4.MI  distributions. 
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Fig.  22.  Rauo  of  experimental  integrated  photoneutron  cross  section  <r0’  over  the  Thomas,  Reiche  eVJiV^st  anoards 
and  Kuhn  sum  rule  [0.0 6NZIA],  Numerical  values  and  upper  integration  limits  £M  are  taken  from 

table  3.  Also  Aa0m  — ±7%  for  all  nuclei.  252 


Fig.  24.  The  [ffo"/(0.06  NZIA )]  ratio  as  a function  of  isospin  T.  Possible  overall  errors  of  1-7%  a a 

10  be  applied  to  all  nuclei  sho\.  n. 
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O 

II 

f-. 

| 

i; 

‘+- 

rjV* 

11 

T=  21  T=  * 

Nucleus 

10O 

;0Ne 

lsSi 

J1S 

10Ca  | l9F 

“Na 

i7\i 

nP 

i9K 

*3Sc 

*°Ar  | 

Sly 

tfo” 

53 

42 

94 

98 

100 

| 108 

137 

158 

132 

210 

383 

393  1 

602 

(MeV  ■ mb) 

— 4 

±3 

— 7 

4-7 

±7 

! 

±9 

= 10 

±12 

±14 

±25 

±28  | 

±42 

aon/(0.06  NZ'A) 

r | 

O 

0.14 

0.22 

0.21 

0.17 

1 0.38 

0.40 

0.39 

0.39 

0.36 

0.57 

0.66  ! 

1 

a.8 

Em  (MeV) 

30 

26. 7 

30 

30 

29.5 

i 29 

30 

30 

29 

30 

28.1 

26.7  ! 

28 

253 


1 

« 

I 

sa 

i 

i 

n 

ft 

n 

a 

* 


REF. 


METHOD 


I. I.  Chkalov,  H.G.  Shevchenko,  A. Yu.  Buki, 
A.S.  Litvinenko,  and  V.N.  Polishchuk 
Yad.  Piz.  22,  893  (1975) 

Sov.  J.  Nucl.  Phys.  22 , 464  (1976) 

/ 


A. A.  Khomich, 


ELEM.  SVM. 


Ar 


40 


18 


REF.  NO. 


75  Ch  4 


hmg 


REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

type  range 

TYPE  RANGE 

E.E/ 

SPC 

0-  35 

D 151,164 

MAG-D 

DST 

Experimental  results  are  presented  of  a study  of  the  fine  structure  cf  the  out  resonance  in  the  nuclei  *Ne 
and  40  Ar  by  the  method  of  inelastic  scattering  of  electrons.  A correlation  is  observed  between  the  energy 
poabons  of  the  maxima  of  the  fine  structure  of  the  giant  resonance  in  the  ancht  *N*  and  40 Ar,  on  the  one 
hand,  and  the  positions  of  the  discrete  level*  in  the  respective  oucies  ”F  and  wAr,  on  the  other. 


FIG.  3.  Fine  structure  of  the  giant  resonance  in  the  nuclei  40 Ar  (a) 
and  ,0Ne  (b)  at  9 * 100“  and  E,  » 152,  and  the  discrete-level  schemes  of 
the  nuclei  wAr  and  ‘*F. 
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Abstract:  The  low-tying  level  structure  of 14 Ar  and  40Ar  has  been  investigated  using  the  technique  of 
inelastic  electron  scattering.  Data  were  collected  at  the  National  Bureau  of  Standards  I »i^r 
Accelerator  with  incident  electron  energies  between  65  and  115  MeV  and  scattering  angles  of 
92.5’  and  1 1 0*.  The  data  span  a range  of  momentum  transfer  squared  between  0.29  and  0.92  fm->. 
Tassie  model  and  Helm  model  analyses  have  been  applied  to  data  for  levels  at  1.97  and  4.18 
MeV  in  3*Ar  and  at  1.46,  2-52,  3.21  and  3.68  MeV  in  40Ar.  A 2*  assignment  to  the  3.21  MeV 
state  in  40 Ar  is  suggested.  Transition  strengths,  transition  radii,  and  mean  lifetimes  for  these 
states  are  computed  and  compared  with  results  of  previous  experiments. 
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40 Ar  inelastic  scattering  cross  sections 


Incident 

energy 

(MeV) 

Scattering 

angle 

(deg) 

Elastic  scat- 
tering 4) 
cross  section 
0ib/sr) 

Inelastic  scattering  cross  section  (nb la) 

1.46  MeV 
(24) 

2.52  MeV 
(2*) 

3.21  MeV 
(1  24) 

3.68  MeV 
(3-) 

115.80 

110.29 

0.607 

196  ±4  ») 

9.3±1.1  *) 

26.5  ±1. 6 ‘) 

181  ±7 

105.49 

110.08 

2.289 

280 ±9 

14.7±3.6 

25.9±6.2 

197±16 

95.56 

110.08 

6.532 

366±10 

24.4±3.9 

40.3±4.I 
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85.36 

110.30 

16.43 

498  ± 1 6 

43.9±6.4 

56.0  ±5.8 
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75.22 

110.30 

38.32 

648  ±77 

70.1  ±15.3 

47.9±16.1 

188  ±23 

64.94 

110.30 

85.12 

586±32 

54.8  ±12.8 

46.6±15.6 

I24±18 

85.25 

92.98 

72.07 

1 127±24 

112  ±10 

113  ±12 

277±15 

*)  Phase-shift  analysis  of  Fermi  two-parameter  fit  to  the  elastic  data  with  e ~ 3.532  fin  and  r — 
2.373. 

*)  Corrected  for  cell  leakage  (<  1 % correction). 
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Tassie  model  parameters  ’) 
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2.52 

2* 

63.2±U.5 

3.09  ±0.42 
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0.99 

4 
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3.21 

24 
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1.22 

4 
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3- 
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**Ar 
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2* 
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0.56 

3 
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4.18 

3" 

U300±470 

4.10±0.25 

1.23  ±0.36 

0.68 

3 

4.58  ±0.26  0.87  ±0.05 

•)  DWBA  approximation. 

*)  Jt„ 1 »<,/*||rt4*|i04>/</*||/x||04>;  /?„•  calculated  using  ground-state  values  of  e and  f. 


q*  (fm-*) 


Fig.  2.  The  ratio  of  the  4*Ar  experimental  differential  cross  section  to 
the  Coulomb  corrected  point  diflerential  cross  section  as  a function  of 

momentum  transfer  squared-  The  smooth  curves  represent  the  best  fit  ———————— 

of  thn  Tassie  model  to  the  data. 
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Tablx  4 

Helm  model  parameters 


Nucleus 

0) 

(M«V) 

r 

B(CL) 

(fm«) 

Ka 

(f«n) 

X»* 

r 

*°Ar 

1.46 

2- 

334±44 

4.44±0.11 

7.9 

j 

2.52 

2* 

45  ±24 

4.98  ±0.38 

1.3 

5 

3.21 

2* 

29±17 

4. 19  ±0.50 

1.2 

5 

3.68 

3" 

10800 ±2900 

4. 80  ±0.26 

1.0 

5 

JtiAr 

1.97 

2* 

330  ±40 

4.42±0.I0 

1.2 

5 

4.18 

3" 

16200 ±2000 

4.79  ±0.15 

0.4 

5 

Tabu  7 


Mean  lifetimes  of  *°Ar  levels 

CO 

Present 

40Ar(e,  e)*°A r*) 

40Ar(p,  p'y)40Ar*) 

,7C1(«,  py)*°Ar  *°Ar+ heavy  ions 

(MeV) 

work*) 

(P*) 

(ps) 

(ps) 

(ps) 

(pa) 

1.46 

1.61  ±0.06 

1.2  ±0.4  4) 

1 3±OJ ') 

2.5  ±}»3*) 

1.9±0.3  •) 

2.52 

0.28  ±0.05 

0.33  ±0.06 

0.54  ±0.10 

0.27 ±0.07  4) 

3.21 

0.05  ±0.01 

<0.21 

m)  Tassie  model  analysis.  Branching  ratio*  from  Endt  and  Van  der  Leun.  ref. '),  used  where  neces* 
sary. 

*)  Ref.  »)• 

•)  Ref.  “),  DSA. 

*)  Ret  *»),  DSA. 

•)  Ref.  “),  DSA. 

f)  Ref. 10),  Coulomb  excitation. 

*)  Ref.  *),  Coulomb  excitation. 
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metwoo 


EL  CM.  SYM. 

Ar 

rex.  no. 


40 


18 


79  Ya  1 


hg 


REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TY*«  NANS* 

G,P 

RLY 

12-65 

c 

25-65 

ACT- 1 

4PI 

12.5-65 

G,2P 

RLY 

22-65 

22.8-65 

In  order  to  prepare  the  3,G  and  3,S.  the  production  rates  by  the  *°Ar  (■/,  p)  J,CI  and  *°Ar  (•• 
2p)  3,S  reactions  were  determined  as  a function  of  the  maximum  bremsstrahlung  energy  up  to  65  MeV. 
and  the  optimum  irradiation  conditions  for  producing  them  were  established.  Then  an  isotonic  saline 
solution  for  injection  and  small  amounts  of  sodium  chloride  were  labeled  with  the  3,G  at  a high 
specific  activity  by  the  use  of  a recirculatory  argon-gas  target  system. 


Fig.  1 The  production  rates  of  radionuclides  on  argon 
target  as  a function  of  the  -nut:  mum  energy  of 
bremsstrahlung. 
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POTASSIUM 

Z-19 

Potassium  (from  potash  + ium)  was  recognized  as  an  element  in  1807  by  Sir  « 
Humphry  Davy  when  he  electrolysed  potash  and  produced  shiny  droplets  of 
the  reactive  metal.  It  was  the  first  element  discovered  by  electrolytic 
separation  and  soon  led  to  the  discovery  of  the  alkaline  earth  metals  by  a 
similar  method.  The  alkaline  earth  metals  themselves  were  destined  to 
become  powerful  tools  in  the  search  for  other  metals. 

Jeremiah,  in  the  Old  Testament,  refers  to  "wash  yourself  with  lye  and  use 
much  soap".  Both  the  lye  and  soap  are  products  of  potash.  The 
preparation  of  potash  was  the  subject  of  the  first  United  States  patent 
issued  to  Sammuel  Hopkins.  In  the  early  years  of  the  colonization  of 
America,  large  areas  of  woods  were  burned  to  obtain  the  ashes  containing 
potassium  carbonate. 


m 

m 

m 

m 


K 


259 


i 


• • 

> ■ ■ 

M.p  : :\ 


I 


■ 


« 

« 

« 

1 

1 

sa 

n 

d 

« 

a 

« 

a 

FI 

fl 

S 

d 

d 


form  NBS*41I 

USCOMM-OC  1t«S«-P6S 


PHOTONUCLEAR  DATA  SHEET  261 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  lUMAU  OF  ST  AN  0AR09 


form  NBS-418 

(8*1-63) 

USC  OMM'OC  18596-P83 


PHOTONUCLEAR  DATA  SHEET 


262 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OR  STANDARD* 


1 

1 

« 

i 

« 

a 

a 

a 

a 

a 

a 

a 

■ 

a 

a 

a 


a 


V.  I.  Noga,  Yu.  N.  Ranyuk,  and  P.  V.  Sorokin 

Yad.  Fiz.  2,  1152  (1969) 

Sov.  J.  Nucl.  Phys.  2?  673  (1969) 


19 


METHOD 


REE.  NO. 

69  No  1 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

angle 

TYPE  RANGE 

TYPE  RANGE 

G,NA24 

ABY 

140-999 

C 100-999 

ACT- I 

4PI 

999  = 1.2  GEV 


FIG.  2.  Cross  sections  as  a function  of 
•ray  energy. 


Table  I 


lUectlou 

|! 

If 

ThredP 

— 

Dtelnbuiia 

uaiapav 

Al"  - Na* 

2p,  A 

SI 

Al 

UO 

Si*  - N»« 

•>.  a 

4.1 

SI 

92,27 

P«  - Na* 

«p.  -1* 

n 

P 

|U» 

S»  — Na« 

•'■A.  --U 

7H 

s 

93,(« 

Cl»  - Na* 

*A,  •'>* 

111! 

XH.Q 

73.1 

K"  - Na* 

1m 

HO 

av* 

Ca«_  Na* 

7a 

H* 

CaO 

M.B7 

.wj- 

I 


'The  threshold  was  calculated  u the  bMhtg 
energy  of  the  emitted  nucleons. 


FIG.  3.  Dependence  of  P on  number  of  nu- 
: cleons  which  have  left  the  nucleus. 


Table  H.  Cross  sections  for 
reactions  in  the  saturation 
region 


R action 

»*•  ,l| 

10— cm'll  Reaction 

2 

!0— cm 

Al"  - Na* 

I85±2ul|  Cl*— Na* 

88-*-? 

Si*  — Na" 

?2^8  ||  K"— Na" 

.13-*- 5 

P*  - Na" 

7'.±8  i|  Ca**— Na" 

22±S 

s"—  Na" 

J-±6  || 

According  to  the  photomesonic  mechanism,  the  cross 
section  for  the  reaction  can  be  written  in  the  form 

a = Co AP.  (1) 

Here  <70  is  the  total  cross  section  for  interaction  of 
the  photon  with  a free  nucleon  with  inclusion  of  the 
nucleon  motion  in  the  nucleus  (<t0,  as  has  been  shown  by 
Roos  and  Peterson,"’3  depends  only  weakly  on  photon 
energy  for  Ey  > 300  MeV);  A is  the  number  of  nucleons 
in  the  nucleus,  and  P is  the  probability  that  the  reaction 
will  proceed  by  a given  channel. 
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method 


ntw.  no. 

69  Sa  3 


hmg 


REACTION 

RESULT 

excitation 

energy 

SOURCE 

DETECTOR 

ANGLE 

TV**  HANOI 

T Y PI  P AN  61 

E,E/ 

FMF 



D 99-227 

MAG-D  99-227 

DST 

(3.6,  6.5) 

Table  4 


B( EL)  3.6.  6.5 


Characteristics  of  transitions  excited  by  high-energy  electrons  in 

23Na  and  39K 


Method 

Pareaetera  end  aethod  of 
deteraiaatioa 

2,03  Me  V »Ni 
(>*— 2) 

3,8  MeV-K 
(*-3> 

8,5  M a v **K 
(h-1) 

3X.  iO-1 

11,6±2,5 

13,1*2,8 

3,40*0,69 

1 

D(C\,  /,—  /,)««  f*rat,X 

107  ±23 

11800*2500 

14,3*2,9 

G 

13,7*3,0 

19*4 

6.4*1, 3 

Ay  , ferai  x~* 
Dy,  ferai* 

1,55*0,10 

0,45*0,07 

1,39*0,04 

0,34*0,09 

1,79*0,15 

0,79*0,17 

2 

D(E\,  «*  f«raiu 

G 

R , t t ra i 

Irene 

80*11 

10,2*1,4 

3,93*0,57 

6300*400 

10*1 

4,38*0,06 

8, 5*1, 5 
3, 8*0, 7 
3,89*0,22 

3 


Table  2 


Squared  form  factors  for  inelastic  scattering  of  electrons  with 


excitation  of  levels  in  Na  and  K 


2.08  V « V "Na 

3.6 

t «V"K 

8,5  f«  • V "K 

q‘,  f • r«  i— 

P*.  10- 

f e r«  i— 

Pi  10- 

P\.  to- 

0,41 

13,9*13,9 

0,72 

7,43*7,95 

0,41 

77,5*22,9 

0,51 

26,3-M8,7 

0,72 

4,18*11,12 

0,52 

45,4*14,1 

0.G1 

24,2±14,7 

0,82 

10,94-5.5 

0,62 

43,1*15,1 

0,71 

32, 4±  9,4 

0,91 

18,5*3,3 

0,72 

23.9  + 5,7 

0,71 

22,04-10,3 

0,91 

14,6*4,4 

0,72 

23,3*7,8 

0,80 

45,8  ±10,8 

0,92 

12,0*3,3 

0,82 

18,2*4,1 

0,90 

70,3  + 9,1 

1,01 

18,4*2,4 

0,91 

6, 7*2,0 

0,90 

31,04-8,9 

1,10 

24,7*2,4 

0,91 

11,4*2,8 

0,99 

46, 3 ±5,0 

1,19 

18,9*1,7 

0,92 

9. 2 + 2, 4 

1,08 

31 ,2±2,9 

1,28 

17,0*1,7 

1,01 

7. 5*1, 9 

1,17 

20,84-1 ,7 

1 ,37 

11,8*1,2 

1,19 

6, 3*1, 5 

1,26 

14,54-1,2 

1,44 

8,66*0,87 

1,23 

4,45*1,09 

1 ,3.) 

11.1+0,9 

1,53 

5,50*0,75 

1,37 

3.78  + 0,88 

1 ,41 

7,4G^-0,67 

1,61 

4,56*0,52 

1,44 

2,77*0,57 

1 ,45 

7,20*0,50 

1,75 

1,35*0,35 

1,48 

5,524-0,51 

1,51 

5,71*0,43 

1,54 

4,43*0,35 

1 ,73 

1,37*0,15 

1,86 

1,11*0,14 

1,98 

0,914-0,12 

2,08 

1,67*0,20 
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Fig.  7.  Mean  cross  sections  for  MNa  production  as  a function  of  target  mass  number. 
Present  work  filled  circles.  Noga  tt  al.  [3]  open  triangles.  Kumbartzki  et  al.  (13]  cross 
and  Korteling  tt  al.  (1  ] 400  MeV  protons  open  circles.  The  solid  line  gives  the  mean 
cross  sections  calculated  by  Jonsson  et  al.  [17] 


Fig.  4 


Fig.  4.  The  determined  yields  for  the  reactions  39>40'41K-»24Na  (open  circles)  sod 
«o,  .--Ca  _*  2<Na  (filled  circles) 
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Lepretre,  and 
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Rer.  NO. 
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74  Ve  1 


egf  !■ 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANGLE 

T Y PC 

RAN  GC 

TYPE  RANGE 

G.N 

★ 

ABX 

13-  32 

D 

13-  32 

BF3-I 

4PI 

G,ZN 

*★ 

ABX 

30-  32 

D 

30-  32 

BF3-I 

4PI 

G ,NP 

ABX 

18-  29 

D 

18-  29 

BF3-I 

4PI 

* 904 
**  902 
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15 


10 


5 


Fig.  10.  Partial  photoneutron  cross  sections  [a(y,  a)+a(y,  pn)],  a(y,  pn)  and  <x(y,  2n)  of  3,K. 


Fig.  22.  Ratio  of  experimental  integrated  photoneuiron  cross  section  cr0"  over  the  Thomas,  Reiche 
— and  Kuhn  sum  rule  [0.06  NZIA\.  Numerical  values  and  upper  integration  limits  £M  are  taken  from 

table  3.  Also  da0°  = rz^°/0  for  all  nuclei. 
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Fig.  24.  The  [o,o"/(0.06  NZIA  )]  ratio  as  a function  of  isospiu  T.  Possible  overall  errors  ol  j- T‘/a  a 

to  be  applied  to  all  nuclei  shown. 


Table  3 

Experimental  integrated  photoneutron  cross  sections  a"  = jgMo,Tn(£)d£  compared  with  the 
classical  sum  rule  [0.06  NZ!A ] of  Thomas.  Reich  and  Kuhn 


T=  0 

T — V 

■N 

II 

T=  2| 

T = } 

Nucleus 

U.Q 

J0Nc 

2"Si 

22S 

40Ca 

i9F 

2JNa 

2'Al 

J,P 

2,K 

45Sc 

49Ar  | 

jiV 

<V 

58 

42 

94 

98 

100 

108 

137 

158 

1S2 

210 

333 

393  1 

602 

(McV-  mb) 

±4 

±3 

±7 

±7 

a.  7 

±7 

±9 

±10 

±12 

±14 

— 25 

±28  j 

=42 

aol'l(0.06NZ!A ) 

0.24 

0.14 

0.22 

0.21 

0.17 

0.38 

0.40 

0.39 

0.39 

0.36 

0.57 

0.66  | 

0.8 

£m  (McV) 

30 

26.7 

30 

30 

29.5 

29 

30 

30 

29 

10 

28.1 

26.7  ’ 

28 
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Fig.  2.  Mean  absolute  cross  section  of  "F  photoproduction  vs  the 
target  mass  number.  Open  triangle:  energy  range  0-15-0-72  GeV. 
Ref  [18].  Filled  circle:  energy  range  0-3—1  GeV.  Ref.  (3).  Open 
circles:  present  work.  The  curve  has  been  calculated  by  means  of 
Eqn(l). 


21 — 


25  30  35  «0 

Target  rnass  '’umber 

Fig.  3.  Mean  absolute  cross  section  of  “Na  photoproducuoo  vs 
the  target  mass  number.  The  curve  has  been  calculated  by  means 
ofEqnfl). 


999  = 1 GEV 


Target  mass  number 

Fig.  4.  Mean  absolute  cross  section  of  “Na  photoproduction  vs 
the  target  mass  number.  Filled  circles:  energy  range  0-1-1  GeV. 
Ref.  [20).  Reversed  open  triangle:  energy  range  0-3—1  GeV.  Ref. 
[8].  Open  triangles:  energy  range  0-25-1  GeV.  Ref.  [19].  Open 
circles:  present  work.  The  curve  has  been  calculated  by  means  of 
Eqn(l). 


Table  2.  Cross-section  per  equivalent  quantum  <7Q(/ib)  of 
photoproduction  of  “F 


Bremsstrahlung  maximum  energy  EolGeV) 


Target 

nucleus 

0 30 

0-40 

055 

0-75 

1 00 

“Na 

590  i 30 

640  2 30 

720  2 30 

7802  30 

830  2 30 

”AT 

11627 

172  2 6 

202  2 6 

245  2 5 

210  ni 

“Si 

80  2 10 

110210 

145  2 10 

170  2 10 

300  2 10 

”P 

60  2 10 

90210 

130  2 10 

1502  10 

180  2 10 

”S 

55  2 10 

90210 

125  2 10 

160  2 10 

190  2 10 

”-rCl 

185  2 20 

2302  20 

270*20 

310  2 20 

3502  20 

’*K 

3525 

5025 

65  25 

7525 

9025 

“Ca 

522 

20  2 3 

3525 

4525 

6025 

The  results  for  nAI  have  already  been  published  (see(3])  and 
are  reported  for  comparison. 
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Table  3.  Cross-section  per  equivalent  quantum  (r0(#Ab)  o t 
photoproduction  of  “Na 


Bremsstrahfung  mutimum  energy  £,  (GeV) 

Target  

nucleus  0-30  0-40  0-33  0-73  1-00 


rAl 

490  = 20 

560  = 20 

667  = 20 

690  = 20 

745  = 20 

3Si 

290  = 20 

330  = 20 
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”P 
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**K 
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"Ca 

3 = 2 
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60=5 

Table  4. 

Cross-section  per 

equivalent 

quantum 

(7-<, (Mb)  of 

photoproduction  of  “Na 

DI 

Bremsstrahlung  maximum  energy  Ea  (GeV) 
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0-30 

0-40 

0-55 

0-75 
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57  Al* 
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,lP 

100=20 
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180=10 

210=10 
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33  = 5 
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“a 
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60  = 5 

•The  results  for  27  A1  have  already  been  published  (see  (8L)  and 
are  reported  for  comparison. 
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>.p 
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"s 
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100=10 
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”K 

45  = 5 

60  = 5 

50  = 5 

*°Ca 

46  = 5 

60  = 5 

40  = 5 

•The  results  for  the  photoproduction  of  "F 
and  “Na  from  ”A1  have  already  been 
published  (Ref.  [3]  and  [8],  respectively). 
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FIG.  2.  Yield  values  and  the- 
oretical values  according  to  the 
modified  Rud3tam  formula  as 
a function  of  the  target  charge 
number  Zt.  Points:  •— ex- 
periment, o— theory. 
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TABLE  I.  Experimental  yields  and  reaction  cross  sections  ob- 
tained in  the  measurements  at  the  Erevan  electron  accelerator. 


T*r**t 

nucleus 

Reaction  yidd.  mb 

Reaction  cross 
neboo,  mb 

r,  G.v 

2 

S 

( 

u 

S 

"A1 

0.81  ±0.09 

0.87 

0.87 

0.072t3±0.0348 

"Si 

0—7*0.02 

028 

0.29 

0.0287  ±0.0 13 

"S 

0.24*0.02 

022 

0.27 

0.0323  *0.0155 

a 

0.28*0.03 

0.30 

028 

”K 

0.1  ±0.01 

0.128 

0.15 

0.06*0.0288 

**C» 

0.088  *0.01 

0.09 

aits 

0.035*0.011)8 

iry 

0.085  ±0.02 

0.094*0.02 

o.twe  ±a  02 

0.082  ±0.025 

0019 

“Ma 

0.079*0.02 

O.07:>±0.02 

0.087*0.017 

0.088 ±0.015 

0.01078*0.0058 

Cu 

0.029±0.00fl 

0.037  ±0.007 

at '36*0.007 

0.034  ±0.007 

0.00347*010029 

S’ote.  The  reaction  cross  sections  have  been  calculated  in  the  l/£ 
approximation  of  the  bremsstrahlung  spectrum. 
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Fig.  1.  The  energy  distribution  of  photoprotons 
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a class  teal  Coulomb  barrier  height  of  6.08  Mev. 
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Measured  Isomer  production  ratio. 
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Half-life 

Modes  of  decay 
(used  for  de- 
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•’Mo 

66  sec 

y (37  %) 
P (38  %) 

Nal  (well  type)  spectrometer  cen- 
tered on  the  0.638  MeV  y ray  line 
y-y  coincidence 

FORM  NBS-411 

(REY.  7*14.54) 

" / - 0 

*♦ 

16  min 

0*  (94  %) 

y-y  coincidence 

USC  OMM-OC  260 1 O*  PSA 


I 


291 


£L  EM . 5 I'M.  A 


39 


19 


REF.  NO. 

65  Co  3 


JOC 


S.  Coata  and  F.  Ferrero 
Mat.  Nat.  22)  85  (1965) 


METHOD 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RAN  OK 

TYPE  RANGE 

G,N 

ABX 

THR-  80 

C 80 

ACT-  I 

4PI 

G,NP 

ABX 

THR-80 

C 80 

ACT-  I 

4PI 

Sczioni  d’urto  per  i process*  KJ,'y.  it)  K3*  (tratto  picno)  e K”(y.  n)K**-.  La  scala 
dcllc  cncrgic  6 stata  opportun.-.mcnie  dilatau  nno  a 50  McV  per  rapprosentare  m.-lio 
la  rv^ionc  della  n>onanza  pgante. 


form  HBS-418 

(REV.  7-1  4-44) 

USC  OMMtQC  2S01  0»PS4 


PHOTONUCLEAR  DATA  SHEET  292 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  ITANDAROi 


REF 

J.  M.  Loiseaux,  J.  M.  Maison,  and  M.  Langevin 
J.  de  Physique  28,  11  (1967) 

ELEM.  SYM. 

K 

A 

39 

z 

19 

METHOD  j 

REF.  NO. 

67  Lo  1 

JOC 

REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

angle 

type  range 

TYPE  RANOE 

G,G/ 

ABX 

14-32 

c 34 

NA1-D 

DST 

TABLEAU  I 


Coefficient  a des  distributions  angulaires 
JT(0)  = 1 4 -a  cos2  0 
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II 
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Fig.  9. 

Sections  erficaces  different ielles  de  diffusion  pour  “It 
dctcrmmce  a Em  = 22  MeV  (courbe  II)  et  £_  = 32  MeV 
(courbe  [). 

Section  efficace  differentielle  de  diffusion  pour  ,0Ca 
determmee  * Em  - 32  MeV  (courbe  HI)  et  prevue  par 
la  relation  de  dispersion  (courbe  IV). 
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MeV 

Druck 
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End- 

energie 

MeV 
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gemess. 

Protonen 

Ausbeute 
lib/ MeV  sr 

32.5 

fo(E)dE  Figur 
MeVmb 

18Q 

99 

16,0 

230  Torr 

32,5 

36074 

58+7 

38  ± 6 

1,  2 

;oNe 

90,9 

12,8 

450  Torr 
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3175 

7,4  ± 1 
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99,9 
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24,0 

1960 
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4790 
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— 

4,  5 

32,5 

5210 
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;jNa 
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— 

7 

60u 

32,5 

11 152 

12,8  ±2,0 
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3,K 

93,1 

6,4 

80  u 

24,0 
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i *3-  TO  123  KEV  ISOMER 


THE  J’K  FK7TO  NEUTRON  CROSS  SUTTON  TO  THE  ISCMDIIC  STATE  OF  J*K 


D.  V.  VJebb,  S.  G.  Muirhead  and  B.  M.  Spicer,  School  of  Physics,  University  of  Melbourne, 
Parkville,  Victoria  30S2,  Australia. 

Preliminary  results  are  presented  of  a measurement  of  the  39K(y,n)30mK  cross  section. 

The  0*  (T  = 1)  isomeric  state  at  123  KeV  in  30K  decays  by  positron  emission  with  a half  life  of 
0.9S  secs.  The  decays  are  counted  by  detecting  the  annihilation  y-quarrta,  either  singly  or  in 
coincidence.  Yield  curves  were  measured  for  both  singles  and  coincidence  counts  from  below 
threshold  (13.2  MeV)  to  29  MeV , in  steps  of  200  KeV,  and  were  analysed  separately  by  the  Leiss- 
Penfold  method  with  a bin  width  of  800  KeV. 

The  'singles'  cross  section  is  shown  in  the  figure;  the  coincidence  data  clearly 
reproduces  seven  peaks  seen  below  22  MeV.  Although  an  absolute  cross  section  has  not  been 
assigned,  the  envelope  grossly  smoothed  is  consistent  with  the  coarser  resolution  data  of  Costa 
et  al  OXucl.Phys.  72.  (1965)  158),  whose  result  is  represented  by  the  dotted  curve  in  the  figure. 

Since  the  39K  ground  state  is  a 3/2*  (T  = 1/2)  state,  the  dipole  states  are  1/2",  3/2", 

5/2"  (T  = 1/2  or  3/2).  Isospin  geometrical  factors  indicate  that  the  absorption  strength  will 
be  divided  among  the  T = 3/2  and  T = 1/2  states  approximately  in  the  ratio  3:2.  However,  it 

should  be  noted  that  the  isomeric  state  is  equally  accessible  from  T = 3/2  and  T s 1/2  states 
by  neutron  emission.  Thus  the  strong  expectation  is  that  the  structure  observed  in  this 
reaction  reflects  that  of  the  total  y-ray  absorption  cross  section. 

The  dipole  states  are  expected  to  have  a 2 hole  - 1 particle  structure,  and  can  be 
visualized  as  a 1 (T  = 1)  particle  hole  excitation  in  a l*°Ca  core  coupled  to  a ld^^  hole. 

One  expects,  therefore,  to  find  same  relationship  between  the  energies  of  the  structure  in  the 
giant  resonances  of  u°Ca  and  39K.  Energies  of  peaks  in  the  (y,n)  cross  sections  are  as 
follows : 


v 

i 


l*°Ca  15.9  17.8  18.5  18.9  19.2  19.6  19.9  20.8  21.7  22.3  24.1  25.4  MeV 

39K  16.6  17.9  19.5  20.7  22.0  23.5  25.8  MeV 

The  l*0Ca(y,n)  data  is  that  of  Baglin  and  Spicer  (Nucl.ftrya.  54  (1964)  549). 
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Investigation  of  the  Photo  Nuclear  Reactions  liC(y,  n),  1JC(y,  2n\ 
3*K(7,  n)  and  40C*(y,  np)  up  to  the  Meson  Threshold 

In  order  to  obtain  data  on  the  photon  absorption  process  between  the  giana 
resonance  and  the  meson  threshold  the  cross  sections  of  the  reactions  “Cfy, 

1JC(r,  2a)10C,  and  40Ca(r,  np)*K*  have  been  determined  by  the 

analysis  of  yield  curves  st  the  140  MeV  electron  synchrotron  of  the  PTB. 

Though  the  (y,  n)  cross  sections  grow  small  with  increasing  photon  energy  they 
are  different  from  zero  up  to  energies  of  60  MeV  and  above.  The  cross  section  of  the 
reaction  ,JC(y,  2 n)  is  extremely  small;  its  highest  value  amounts  to  0.13%  of  the 
highest  value  of  the  12C(y,a)  reaction.  The  measured  40Ca(y,  np)  cross  section  m 
of  the  order  predicted  by  the  naive  quasi-deuteron  model.  The  integrated  cross  sections 
of  theabove  reactions  up  to  140  MeV  are  83  ±7,0.90±  0.10, 139±  16,and76±7MeVmb 
respectively. 
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Fig.  4.  The  measured  angular  distributions  for  populating  the  2.53  McV  (i+),  2.82  McV  (}')  and 
5.26  MeV  states  of  3,K  are  compared  to  DW'BA  predictions.  The  values  of  S(EL)  obtained  from  this 

comparison  are  listed  in  table  2.  j 


3.87  MeV 
E 3 


distributioru  for  Populating  the  strongly  excited  states  of  ”K  are 
compared  to  the  DWBA  predictions  for  octupole  excitations.  The  values  of  B(E3)  obtained  from  this 

comparison  are  listed  in  table  2. 
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Result  of  the  present  work  for  3,K 


£ i (MeV) 

EL 

fl(EL)f 
(e3  • fm“) 

(s.p.u.) 

X 1 

</=-  4) 

2.51  ±0.02 

E2 

/ 22.1  ±5.3 

0.56 

0.24 

2.82  ±0.03 

E3 

2480  ±530 

3.9 

0.89 

3.02  ±0.02 

E3 

3410±550 

5.4 

1.43 

3.60  ±0.03 

E3 

8 500  ±790 

13.4 

4.40 

3.87  ±0.03 

(E3) 

6650±650 

10.5 

3.31 

4. 11  ±0.03 

(E3) 

7610±950 

12.0 

7.02 

5.26  ±0.06 

(E3) 

5280  ±440 

8.3 

4.23 

The  measured  excitation  energy,  assumed  multipolarity,  and  the  normalization  transition  strengths 
2?(E£)t  are  presented.  We  also  list  the  enhancements  over  the  single-particle  estimate  for  the  transi- 
tion rate  and  the  x1  of  the  comparison  between  our  data  and  the  OWBA  prediction. 


Tablb  3 


Comparison  of  experimental  values  B( E2)  and  B( E3)  for  39K  and  *°Ca 


(*,  ■•*) 

(P,  P ) *) 

(e.  O •) 

*°Ca 

3.73  MeV  (3“) 

fl(E3)f  =■  24.4 

31.2 

32 

3.90  Mey  (2+) 

fl(E2)f  - 3.2 

1.9 

1.8 

39K 

2.53  MeV  (J  + ) 

fl(E2)f  = 0.35 

0.56 

2.82  MeV  (}-) 

B(E3)f  =-  1.0 

3.9 

3.02  MeV  (f) 

2.3 

5.4 

3.60  MeV  (|-) 

6.3 

13.4 

3.87  MeV  (}*) 

4.8 

10.5 

4.11  MeV  (1-) 

5.1 

12.0 

5.26  MeV  (?") 

2.2 

8.3 

Ratios  to  the  *°Ca  E3  strength 


(*.  *') 

(weak  coupling) 

(e.  o') 

3.02 

9.4% 

14.3% 

17.0% 

3.60 

25.8 

35.7 

42.3 

3.87 

19.7 

28.5 

33.1 

4.11 

20.9 

21.5 

37.9 

75.8% 

100.0% 

130.3% 

•)  Ref.  '*).  *)  Ref.  **).  •)  Ref.  '•).  *)  Ref.  4). 

All  values  are  quoted  as  ratios  to  the  single-particle  estimate.  Only  the  DWBA  results  of  ref.  *)  are 
used. 
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Tablb  1 

Observed  cross  sections  for  the  scattering  of  60.2  MeV  electrons  to  the  levels  of  39K  presented  as  the 
ratio  to  the  Mott  point-charge  prediction 


9 


OliO* 
(x  10-*) 


7.  (fm*1) 


109.7*  119.7*  129.7*  139.8* 


149.8"  £, 

(MeV) 


1.24-0.64 
0.92—0.47 
1.11  —0.63 
2.70=0.93 
2.04=0.88 
1.41-0.72 
1.1 9 ±0.1 6 

1.02  ±0.37 
0.69±0.22 
0.80±0.30 
2.69±0.35 
2.25  ±0.30 
3.06±0.43 
1.74±0.31 

1. 29  ±0.67 
0.73  ±0.43 
111  ±0.28 
3.66±0.76 
2.38  ±0.55 
2.21  ±0.63 
2.23  ±0.34 

1.22±0.71 

1.11  ±0.51 
1.75  ±0.47 
2.63  ±0.51 

2. 11  ±0.40 
1.83  ±0.79 
1.60±0.37 

1.10±2.50 
0.58  ±1.21 
l-24±2-32 
2.42  ±2.68 
2.55  ±4.22 
2.13  ±3.52 
1.32  ±1.41 

0.479 

0.508 

0.543 

0.564 

0.580 

2.33 

2.88 

3.02 

3.60 

3.87 

4.11 

5.26 
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Fig.  4.  Comparison  of  the  present  “singles”  measurement  with  ih.it  of  Costa  cl  ah  (solid  line)  andi 
Kayscr  et  at.  (dashed  line),  [raft. 

^ S.  Costa,  F.  Ferrero,  S.  Ferroni, 

L.  Pasqualirii  and  E.  Silva,  Nucl. 

Phys.  72,  158  (1965). 

^K.  Kayser  (Physikalisch-Technische 
Bundesanstalt)  private  communication. 
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Fig.  3.  Cross  sections  of  the  3*K(y,  n),*“IC  reaction  derived  from  (a)  the  “coincidence”  yield  curve 
analysed  in  1 MeV  intervals,  and  fb)  “siagtaa”  yield  carve  leetyeeri  in  800  keV  intervale. 
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Abstract:  The  mixed  E2  Ml  transitions  from  the  4*  ground  states  to  the  first  excited  states  in  3,K 
and  41  K were  studied  by  low  momentum  transfer  inelastic  electron  scattering.  The  E2  contribution 
dominates  the  cross  section  and  5(E2IT  values  for  33K.  of  1 8. 9 ±1.8  e1  fm4  and  for  4,K  of 
e*  Im  were  obtained.  Together  with  the  measured  lifetimes  of  these  states 
values  for  the  /-forbidden  d,  ,-s,  , transition  are  deduced  to  be  0.015+0.006  u*  in  J,K  and 
0.067 ^0.006  uji  in  41 K ' ^ 
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Fig.  1.  Spectra  of  inelaslicully  scattered  electrons  on  a KC  target  taken  at  various  scattering  angles 
and  bombarding  energies  but  at  the  same  momentum  -funster  a = t)  39  fm'1  for  the  excitation  of  the 
~ \ slate  at  £ = 2.523  MeV  in  33K  The  upom  uicx  are  sitting  on  the  radiative  tail  of  the  elastic 
lines  from  K.  and  Cl  and  ihe  decomposition  ot  ine  spectra  nto  various  lines  is  also  shown. 
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CALCIUM 

Z=2Q 

Although  the  metal  itself  was  unknown  to  the  early  civilizations,  calcium 
(from  the  Latin,  calx  "lime")  compounds  were  used  extensively.  The  Romans 
used  a lime  mortar  prepared  by  the  burning  of  limestone:  the  Egyptians 
employed  gypsum  (calcium  sulfate)  as  a plaster  in  Tut -ankh- Amen 1 s tomb.  A 
particularly  beautiful  lamp  made  of  calcite  (calcium  carbonate)  was  also 
found  in  the  tomb. 

In  the  early  history  of  chemistry,  the  nonmetallic  substances  that  were 
insoluble  in  water  and  unchanged  by  fire  were  called  earths.  Lime  and 
magnesia  showed  alkaline  reactions  and,  therefore,  were  called  alkaline 
earths. 

Oavy,  after  his  successful  isolation  of  sodium  and  potassium,  was  the 
first  to  obtain  a relatively  pure  form  of  metalic  calcium  from  its  rare 
earth  oxide.  Following  the  suggestions  of  Berzelius,  Oavy  (in  1808) 
prepared  an  amalgam  with  lime.  The  amalgam  was  then  distilled  to  drive 
out  the  mercury;  the  residue,  a silvery-white  metal,  was  calcium. 
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Detector  at  120  . 


4-1+0- 


Cross  sections  given  here  are  13$  too 
high  due  to  erroneous  cos  0 factor  in 
denominator  of  Eq.  5.  [See  footnote 
8 in  Phys.  Rev.  106.  993  (1957)]. 


Fic  4 The  elastic  scattering  cross  sections  for  Na,  Mg,  Al,  S,  Ca,  and  Mn.  The  indicated  spread  in  energy  is  the  width  of  the 
differential  discriminator  channel,  and  the  standard  deviations  are  based  only  on  the  number  of  counts.  The  vertical  lines  at  the  top 
reoresent  the  particle  thresholds  for  the  most  important  isotopes.  The  open  circles  at  the  e!ttreme”right  indicate  the  magnitude  of  the 
Thomson  cross  section  for  Z free  protons  scattering  coherently.  The  solid  curve  superimposed  on  the  Al  data  is  the  scattering  cros» 
section  calculated  from  the  dispersion  relation  by  substituting  for  <r.(£)  in  Eq.  (6)  the  sum  of  the  neutron  and  proton  yield1-1* 
cross  sections. 
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ml) 

r 

McV 

r 

McV 

Ca">(y,  pn)  K3» 

-24,3 

0,005 

2.4 

30  ± 1 

2,1 

Zn*'(y,  pn)  Cii** 

- 18,30 

0,03 

Zn‘a(y,  pn)  C.ua* 

- 18.05 

0,031 

7,2 

23  ± 1 

4 

Zna*(y,  p)  Cu"7 

- 10.01 

0,19 

11.4 

22,7  ± 1 

6 

Sci0(y,  pn)  As7* 

- 20,43 

0,02 

Znw(y.  2>i)  Znal 

- 20,82 

0,08 

Mo*,(y,  pit)  Nb" 

-19,5 

0,02 

Sb1B(y,  A'dSn1*1 

- 18.2 

0,0000 

Ccmessene  Anregungskurven  folgendcr  Rcaktioncn  l p n)  K3*,  ZnM(y,  pn)  CuM. 
Die  Anregungskurve  der  Z nu\y.  nn)  Zn*4- Ke.iktion  «iirdc  mit  Hilfe  der  statis- 
tischcn  Thcorie  brrcclinct. 

Der  Anted  der  [y,  d)-Reaktion  ist  in  den  entaprechenden  (y.  £»n)*Anregungskurven 

cnthalten. 
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Ref.  V.  Emma,  C.  Milone,  R.  Rinzivillo 
Nuovo  cimento  14,  11^9  (1959) 


Elem.  Sym. 


Ca 


40 


20 


Method 


Emulsions;  bremsstrahlung 


UeOST 
59  Em  1 


EH 


Reaction 


E or  A E 


s 


<7  d E 


J " 


Notes 


(y,xn) 


31 


Neutron  spectrum  measured  at  90°. 
90°  neutron  yield  same  for  Ca  and  K 


for  E >2  MeV. 
n 


Calculated  spectron  of  form  F (E^)  = 

const.  E exp.  (-E  /T)  with  T = 1.1 
n ' n'  ' 

MeV  are  normalized  to  <feta  at  2 MeV 
in  90°  spectrum. 


0 5 10  £n  (MeV) 


Fifc.  3.  - Photoneutron  spectrum  from  Ca  at  0~9Or. 
F[E„)  (arbitrary  units)  = neutron  number  \E,. 
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A.  P.  Komar  and  T.  N.  Dragnev 

Dokl.  Akad.  Nauk  SSSR  126,  1234  (1950) 

Soviet  Phys.  Dokl.  653  ( 1959) 

Ca 

40 

2D 

METHOD 

/ 

REF.  NO. 

59  Ko  2 

EGF 

REACTION 

RESULT 

EXCITATION 
- ENERO>  - 

SOURCE 

DETECTOR 

ANGLE 

* TYPE  RANGE 

TYPE  RANGE 

G,P 

SPC 

THR  - 85 

C 85 

EMU-D  1-15 

DST 

| ^ "6  \A  *-u 

o / 2 .i  4 s a / h .9  to  a a a t*  a Mev 

N(E)  — histogram  of  the  energy  distribution  of  photoprotons  from  Ca4*i  Nj(E)  — curve 
of  the  same  distribution  obtained  from  the  histogram  according  to  the  Ferreira  and 
Valoshek  method  [1]. 


The  angular  distributions  of  photoprotons  of  various  energy  Intervals  worked  out  according  to  the  method 
of  least  squares,  are  described  by  the  following  formulas! 


from  3.4  to  9.5  Mev 

from  9.5  to  16  Mev 

from  6.6  to  7.6  Mev  (group  A) 

from  7.5  to  9.5  Mev  ("plateau") 

from  9.7  to  10.8  Mev  (group  0) 


1 + 0.4  sin*  0 (1  + 0.66  cos  0)*j 
1 + 1.2  sin*  0 (1  + 0.5  cos  0)*i 
1 + 0.75  sln*0  (1  ♦ 0.6  cos  0)*| 
1 + 1.1  sin*0  (1  + 0.6  cos  0)*; 

1 + 1.3  sin1 0 (1  + 0.36  cos  0)*. 
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Ref.  F.  Ferrero,  S.  Ferroni,  R.  Malvano,  S.  Menardi,  E.  Silva 
Nuclear  Phys.  _1£,  4 3 6 (i960) 


■/ 


Elem.  Sym. 

Ca 


4o 


20 


ftef.  No 

60  Fe  1 


Method 


31  MeV  betatron;  activation;  Nal;  neutron  counters 


JHH 


Reaction 


E or  A E 


(y } nP) 


Bremss. 


31 


ad  E 


J * 


Notes 


Residual  nucleus  (T^y^  = 7»7  min) 

decays  via  + 7(2.18  MeV  from  decay 

of  A''^).  2.18  MeV  7,  rather  than 

annihiliation  radiation,  gave  purest 
decay  curve. 


(Y,*n) 


Threshold  detector  using  reaction 

oft  9ft 

Si  (n,p)Al  ; En>  5.5  MeV. 


(Y,*n) 

all  energies 


1 - meter  cube  H^O  tank  containing 

Geiger  counters  surrounded  by  Rh 
powder. 


to  xxkm  mto  account  tbs  photoaucieer  process  which  feeds  tbs  isomeric  state  of  kM 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL.  BUREAU  OF  STANDARD* 
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Ref.  L.A.  Kul  'chitskii,  V.  Presperin 

Zhur.  Eksp.  i Teoret.  Fiz.  1001  ( i960) 

Soviet  Phys.  JETP  12,  696  (1961) 


Method  " / 

90  MeV  Synchr.;  proton  recoil  counter  telescropes 


Reaction 


E or  A E 


$ 


ad  E 


J * 


Elem.  Sym. 

Ca 


40 


Ref.  No. 

60  Ku  2 

Notes 


20 


JH 


(Y,n) 


Bremss. ; 

E =90; 

ymaas 


iPeV 


Relative  yields  in  table  are  per 
nuclear  neutron. 


Element 

Relative 
neutron  yield 

Element 

Relative 
neutron  yield 

Li 

1.00±0.05 

Cu 

0.37x0.1 2 

Be 

1 .22  ±0.09 

Cd 

0.35-0. ','2 

0 

0.74±0.05 

I 

0.39=0. "2 

A1 

0.49±0.03 

Bi 

0.41=0  1.3 

Ca 

0.33  ±0.02 
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33 


Total  I a(7,n),(T,t,p),(7,2n) 


dE 


116±17  MeV-mb 


Tabelle.  Ergcbnisse  der  Messungen 


1 Reaktionen 

(y,  n)  Ca**+(y,  np)  K**“+»7(y,  2»)CaM 

(y."P)  K**+  (1  — »7)  (y,  2n)Ca« 

2 E0 

34  MeV  29  MeV 

34  MeV  29  MeV 

3 Gemessene  Halbwertszeit 

(0,917  ± 0,007)  sec  (0,892  ± 0,010)  sec 

(7,7  ± 0,1)  min 

4 Y/Y  (Cu)  ohne  Absorber  . 

2,31  ±0,05  2,5  ±0.1 

0,131  ±0,06  0,077  ± 0.01 1 

5 Y/Y  (C11)  mit  Absorber 

2,38  ±0,08 

0,115  ±0,06 

6 D 

0,260  ±0,10 

0,226  ±0,16 

U MeV  » MaV 

7 f odE  f 0(CU)dE 

0 ' 0 

2.10  ±0,27 

0,18  ±0,04 

00 

o.  B 

A 

Q < 
ft. 

Hi 

(107  ± 16)  MeVmb 

(9  ± 2)  MeVmb 

AUe  angegebenen  Fehler  sind  1m  wesentiichen  die  dreifachen  statistischen  Fehler. 
Zeile  1 : ZusammengefaBt  sind  einerseits  die  Reaktionen,  die  auf  Folgeaktivitaten 
mit  Halbwertszeiten  von  etwa  1 sec  fuhren  (kurzlebige  Komponente),  andererseits 
diejenigen  bei  denen  K**  (Halbwertszeit  7,7  min)  entsteht.  Siehe  hierzu  Fig.  i, 
wo  auch  die  GrOBe  r)  in  der  Bildunterschrift  erlautert  ist.  Zeile  2:  £0  bezeichnet 
die  Maximalenergie  des  Bremsspektrums.  Zeile  3 ■'  Weitere  Erl£uterung  im  Text. 
Zeile  4 und  Zeile  5 : Angegeben  sind  die  Ausbeuteverhaltnisse  relativ  zur  Reaktion 
C**(y,  n)  ohne  bzw.  mit  Zwischenschalten  des  20, 5 g/cm*  dicken  Bleiabsorbers. 
Zeile  6:  Die  durch  den  Bleiabsorber  bewirkte  Schwachung  D der  Ausbeute  wurde 
unter  Benutzung  der  von  Salander11  gemessenen  Schwachung  fur  C 11  (y,  n) 
(Dc  = 0,2569  ±0,001  5)  aus  den  Werten  von  Zeile  4 und  5 berechnet.  Zeile  7 : 
Die  Verhaltnisse  der  integrierten  Wirkungsquerschnitte  folgen  aus  den  Zahlen  in 
Zeile  4 und  6 durch  Anwendung  von  Formel  (1).  Zeile  8:  Die  integrierten  Wirkungs- 
querschnitte ergeben  sich  aus  den  in  Zeile  7 angegebenen  VerhAltnissen,  wenn  man 
den  Messungen  von  Barber,  George  und  Reagan “ entnimmt,  daB  der  bis  33  MeV 
integrierte  Wirkungsquerschnitt  fur  Cl*  (y,  n)  5)  ±3  MeVmb  betrdgt. 

11  Salander,  C. : Diplomarbeit  Heidelberg  1957  (unverdffentlicht) . 


form  MBS-4H 

(REV.  7-1  4-641 
USCOMM-OC  26010-P«4 


U.S.  DEPARTMENT  OF  COMMERCE 

NATIONAL.  6UREAUOF  STANDARDS 


PHOTONUCLEAR  DATA  SHEET 


327 


A.  bussiere  de  Nercy 

J.  Phys.  Radium  22,  535  (1961)  (See  6LBu4) 


Ca 


40 


20 


METHOO 


Betatron;  photon  scattering;  Nal 


REF.  NO. 

61  Bu  3 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

_ Z : 

SOURCE 

DETECTOR 

angle 

TYPE  RANGE 

TYPE  RANGE 

G ,G 

ABX 

15  -32 

G 32 

NAI-D 

DST 

0 20  ZO  60  60  100  120  140  160  ISO 

Fig.  6. 
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U.S.  DEPARTMENT  OF  COMMERCE 
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METHOD 


A. 

Ann 


Bussiere  de  Nercy 

. Phys.  (Paris)  Third  Series  6,  1379  (1961) 


Ca 


REF.  NO. 


/ 


61  Bu  4 


40 


20 


egf 


REACTION 

RESULT 

? 

excitation 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G ,G 

ABX 

15-30 

C 27,32 

NAI  -D 

DST 

r».  i<.  — Dtalri. 

Jr*  plmlo«4  illf- 
par  l »lu. 
minium  » rl 
l>  rak-ium  (b) 
(•«-»7  MaV). 


|,f«  martin 
r n trail 
(4m  a rrpcA. 
vnlml  Ira 


4 
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Ref.  A.C.  Eckert,  E.F.  Shrader 
Phys.  Rev.  124,  1541  (1961) 


3 MeV  Van  de  Graaff;  y^s  from  K'5y(p,y)Ca4'(J.  reaction;  Nal. 


To 


tlem.  Sym.  A 


Ca 


4o 


Ref.  No. 

61  Ec  1 


20 


Method 


•39/ 


JHH 


Reaction 


E or  A E 


s 


crd  E 


J * 


Notes 


(y,y) 


10.3 


10.3 


3.6±0.24e\ 
(r:  Yo;foi 

other  T s 
see  Tab. 2' 


2 + 


Data  also  presented  on  the 


K^^(p,Y)Ca1+IJ  reaction:  E^=  2.05MeV. 

W (0  )=l-(0.17±0.02)cos29 

Pf  ’ r , , k 

+(0.03±0.03)cos  0. 


_4o 


Fro.  10.  Nuclear  resonant  absorption  by  the  10  3-Mev  level  of 
Ca*.  From  top  to  bottom  the  curves  are  for  transmission  by 
1 1.125,  2.75,  and  1.0  in.  of  caldum  metal,  respectively,  ot  radiation 
from  the  K*(£,y)Ca*  reaction.  Note  transmission  scale  break* 
lietween  curves. 

• 1 

12 

ll 


»0 

9 
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7 
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a 

> 3 

m 

x * 

M 

3 

2 

I 


.'0.3  J • l * 

9.9  - oouaxr  ■ 

^ii» 

^ l.«9 
1.49 


a.33  i .013 


4.4| 

3.90 

3.73 

3-33  J . 0 < 


J*  I * ( 2“l 


Fio.  12.  The  energy -level  diagram  of  Ca*. 


0 — 

Fig.  11.  Angular  distribution  of  ground  state  radiation  from  the 
lOJ-Mev  level  of  Ca40  excited  in  the  K*(£,7)Ca<°  reaction. 


Table  II.  Parameters  of  the  10.3-Mev  level  in  Ca40. 


£# 

Excitation  energy 

10.3  ±0.01  Mev 

E, 

Proton  energy 

2 .05  ±0.005  Mev 

r 

Total  width 

10.3  ±1.7  ev 

r. 

Proton  width 

5.8  ±1.8  ev 

r»» 

Gamma  width  to  ground  state 

3.6  ±0.24  ev 

rT 

Total  gamma  width 

4.5  ±0.55  ev 

Spin  and  parity 

2+  (2-,l±) 
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J.P.  Perez  y Jorba,  H.  Nguyen  Ngoc 
J.  Phys.  Radium  22,  551  (1961) 


Ca 


ko 


20 


METHOD 


Linac;  electym  scattering;  magnetic  spectrometer 


REE.  NO. 

61  Pe  1 


NVB 


REACTION 


r 


RESULT 


EXCITATION 

ENERGY 


SOURCE 


DETECTOR 


ANGLE 


E.E/ 


ABX 


11-26 


120-180 


MAG-D 


DST 


[11-26] 


E = 
o 


15.2  MeV 

17  MeV 

18  MeV 

19.2  MeV 
20.5  MeV 


9T%  enriched  Ca 


i+0 


jadE  =0.38  MeV-b  for  120  MeV  data 
= 0.4-3  MeV-b  for  150  MeV  data 


Fic.  3. 


Fig.  2. 


50  70  90  tX  IX  130  M#V 

Enargi*  total*  del  •!*ctrom  diffui*i 

Fig.  1. 


On  trouve  ainsi  les  lignes  a 15,2  MeV,  17  MeV, 
18  MeV,  19,2  MeV  et  20,5  MeV.  La  structure  de  la 
resonance  geante  a ete  prevue  th6oriquement  [14]  a 
l’aide  d’un  modele  d’interaction  particule-trou.  Les 
energies  et  intensity  des  diflerents  dipdles  sont 
donnees  pour  deux  types  d’interaction  diflerents. 
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Ref-  R.A.  Pope,  D.V.  Freck,  W.W.  Evans 
Nuclear  Phys.  24,  6 57  ( 1961 ) 


Elem.  Sym. 


Ca 


40 


Re7  No. 

61  Po  l 


20 


Method 


Van  de  Graaff;  Nal 


JHH 


Reaction 


E or  AE 


Jf  j- 

r 


ad  E 


J n 


Notes 


(p>Y) 


1.0-2. 1 


1133.0 
±1.4  ke+ 


13H.7 

±1.6kev 


1579.9 

±1 ,9kev 

2046.7 

±2. 5kev 


r : 

p 

<0. 5kev 


<0. 5kev 


<0. 5kev 


<0. 5kev 


E = 9.44  MeV 

y„ 


E = 9.6I  MeV 

Y 

ro 


E = 9.87  MeV 
Y 

• r\ 


E = 10.35  MeV 
' o 
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REF'  N.  W.  Tanner,  G.  C.  Thomas  and  E.  D.  Earle 

Proc.  Int.  Conf.  Man.  297  (1961) 


ELEM.  SYM.  A 


Ca 


40 


20 


METHOO 


/ 


Tandem 


REF.  NO. 

61  Ta  2 


JDM 


REACTION 

RESULT 

Tt 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

P,G 

RLY 

18-22 

D 9-15 

NAI-D  10-25 

100 

Figure  1.  Spectrum  in  6 x 5 in.  Nal  Figure  2.  Excitation  function  for 
from  proton  bombardment  of  potassium.  y)Ca*° 

Proton  Energy  115  MeV 
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Elem.  Sym. 


Ca 


40 


Ref.  No. 

61  To  1 


20 


Method 


25  MeV  betatron;  photon  scattering;  Nal(TU)  spectrometer; 
ion  chamber. 


NVB 


Reaction 


E or  A E 


~T 


S 


ad  E 


J n 


Notes 


Ca(y,y) 


Bremss. 

5-12 


8.0 


Detector  at  120 


Table  II  from  J.  Phys.  Soc.  Japan  18, 

17-22  (1963) 


References 

1)  E.  G.  Fuller  and  E.  Hayward:  Phys.  Rev. 

lOl  (1956)  692.- 

2)  see  E.  Segre:  Experimental  Nuclear  Physics, 
vol.  1.  p.  346. 

3)  J.  S.  Levin  and  D.  J.  Hughes:  Phys.  Rev. 

101  (1956)  1328. 

4)  K.  Reibel  and  A.  K.  Mann:  Phys.  Rev.  118 

(1960)  701. 

Table  II.  The  correction  of  the  energy  scale. 

Energy  in  Ref.  1 should  be  read 

3.3  Mev 
5.5 
7.7 
9.9 
12.1 
14.3 


4 

.0  Mev 

6 

.0 

8 

.0 

10 

.0 

12, 

.0 

14 

.0 

T 

fl*.  The  elastic  scsttanag  cross  mcrxm  at  ptoaeaa.  -O-r  daa*  trmm  Fefter 


ar  emrJ 


Z2:  trom  the  experiment  used  monochromatic  - ray**', 

a):  #(r.  r)  by  S.  The  arrow*  indicate  the  poatlons  of  the  particle  threshold  enerfica  at  S*. 
bl:  rir.  T)  by  Al.  The  arrow*  indicate  the  position*  of  the  particle  threshold  energies  at  a 

(c) :  rir.  r)  by  K.  The  arrow*  indicate  the  pomuooa  at  the  particie  threshold  energies  at  Km.  J 

(d) :  *ir>  r)  by  Ca.  The  arrow*  indicate  the  position*  o t the  particie  threehold  energies  of  CeM 
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REF 

D.  Blum,  P.  Barreau  and  J.  Bellicard 
Proc.  Padua  Conference  76l  (1962) 

ELEM.  SYM. 

Ca 

A 

40 

z 

20 

METHOO  j 

REF.  NO. 

62  B 1 1 

JDM 

REACTION 

RE^JLT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E,E/ 

FMF 

0-9 

D 120-220 

MAG-D  170-180 

DST 

Table  1 


AE  MeV 

J” 

B,ple * 

Bobs  (L  —*■  0/e * 

G 

3.73 

3 - 

194f® 

1600f« 

8. 25 

3.90 

2 + 

11. 8£4 

21.6f4 

1.83 

4.48 

S - 

0.91.104fl° 

2.02.105fl° 

2.22 

6.16 

3 - 

194f« 

108f* 

0.56 

6.90 

3 - 

194f« 

188f* 

0.97 

7.10 

2 + 

11. 8f4 

30. 6f4 

2.60 

8. SO 

(S  -) 

0.91.10sf10 

1.17.10sfl° 

1.28 

Table  2 


Experimental  Hole  Particle  Interaction 


Data 

Approximation  I 

Approximation  II 

E (MeV) 

Tr 

E (MeV) 

Tr 

E (MeV) 

Tr 

E 3 

3.73 

1 

5.55 

1 

3.84 

1 

6.16 

0.068 

7.26 

0.20 

7.15 

0.062 

6.9 

0.118 

8.44 

0.033 

8.34 

0.031 

10.7 

0.40 

10.7 

0.090 

E5 

4.48 

1 

5.20 

1 

4.38 

1 

8.5 

(0.49) 

8.07 

0.88 

8 

0.24 
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Fig.  4.  The  observed  relative  yield  of  photoneutrons  from  the  reaction  Ca “(y,  n)Ca**  for  a brerns- 
strahlun*  energy  of  23  MeV.  The  K**  (p,  y,)C a4*  data  of  Feldman41)  are  included  for  comparison. 
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FIG.  1.  Energy  spectrum  of  photoprotons  from  calcium 
f°r  Eyma*  = 22  MeV.  The  histogram  is  plotted  to  the  left 
ordinate  scale,  and  the  curve  to  the  right  scale. 
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Fig.  4.  — Comparison  of  theoretical  and  experimental  spectra  for  Ca'°  photoprotons. 


FORM  NBS-418 

(R  EV.  7-1  4-  04) 
USCOMM-OC  20  0 1 0-  PS  4 


PH0T0NUCLEAR  DATA  SHEET  356 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL.  BUREAU  OF  STANOAROS 


B.  S.  Ratner 

Zhur.  Eksp.  i Teoret.  Fiz.  46,  1430-81  ( 1964) 
Soviet  Phys.  JETP  12,  1000  (1964) 


Ca 


40 


20 


METHOO 


Synchrotron;  i/>n  chamber  monitor 


REF.  NO. 

64  Ra  2 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,P 

ABX 

14-27 

C 30 

SCI-I  5- 

DST 

27 

J csdE  = ( 124  ± 10)  MeV-mb 
14 


INCLUDES  G.NP 
Yield  same  at  45°,  90°,  135°. 


ca "(y.p+y.pn) 


as  a function  of  Eym.  Upper  inset:  the  same  quantity, 
measured  every  0.2S  MeV  for  Eym  from  18  to  21.5  MeV.  The 
arrows  indicate  the  location  of  inflection  points  in  the 
curve.  Root-mean-square  errors  are  shown,  b)  Cross  section 
for  emission  of  photoprotons  of  energy  (p  > 5 MeV  from  Ca*0. 


form  N8S-418 

IR  EV.  7-1  4»  94) 

USC  0MM*0 C 260I0-P64 


PHOTONUCLEAR  DATA  SHEET 


357 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 


R c.  r . 


L.  Simons,  E.  Spring,  L.  KaLd,  H.  Jungner,  P.  HoLmberg,  I.  Forsblom 

Acta  Polytech.  Scand.,  Phys.  Nucl.  Ser.,  No.  22,  L - L9  (1964) 


METHOD 

K(p,y)Ca;  Van  de  Graaff 


Ca 

REF.  NO. 

64  Si  l 


40 


20 


NVB 


reaction 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

P,G 

N0X 

9 - 10 

D 1-2 

NAI-D 

DST 

New  level  at  4.70  MeV.  + 

Jn  of  9.44  MeV  level  is  probably  1 or  1 . 


0 C.5  1.0 

CCS20 


Figure  5.  Angular  discriDution  of  the  9.44  MeV 
gamma  ray. 


1103  keV 


1131  keV 


1153  keV 


rr  t 

5 68  ; 171 
.23)  \ (5) 

! S SI  ! 3 

] i',01  : ;i 

^2 ! : 1 

— 

3 

(4 

38 

5) 

r 

5 

5) 

2 

( 

b 

57 

>) 

r : ; , 

-t  1 4 74  1 3 

5)  ! (5)  ! ( 

571  ; } 41 
(si  ; (si 
1 

r — 

8 ! 9 46 

1)  1 (10) 

135  ! 5 

(5)  j .2 

» ! 

3 

(3 

43 

0) 

r 

20 

0) 

l 

’2 

i 1 i 

6 74  ; 1 

! | ! 

— 1 1 

1 

1 

l_ 

1 

r •" 

l! 

i i 

626 

_« 

1 1 

i : 

1 

f 

i 

6 03 

- 

t 

T * . _ f 

i 

j l l 

i7§, j_[ 

1 

k | 

1 

1 

1 

1 

1 

1 

1 

r 

1 

! f T 1 — 

, 2 30  , 178 

!»70)i  (100) 

i 1 213  1 

— --*4- 

1 

1 

1 

l 

12L.  i . 

1 1 

:-s 

’ _ (100)  1 , * 

. 2* 

ill 1 

1 t " 4 

— 1 T 

3 

» 

1 

1 3 

i n 

1 

1 

1 

1 

; 1 j 

73 

30) 

3 

(1 

l 

470  6 

nco)  nc 

3°  ; 

)0)  | 

i 

i 

i 

i 

: i 

i 

l 

74  l 
0)  i 
749 

r.co) 

Figure  0.  Energy  levels  of  Ca40  with  decay  modes  found  in  this  work. 
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Table  II.  Inelastic  electron  scattering  cross  sections  in  calcium 
for  the  combined  levels  3.35,  3.73,  3.9,  4.48  MeV.  Incident 
energy  = 250  MeV. 
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Fig.  1.  Elastic  and  inelastic  scattering  peaks  in  Ca"  at  250  MeV. 
The  scattering  angle  is  43°.  The  data  plotted  by  the  computer 
ire  shown  when  the  data  are  not  corrected  as  in  (a)  above,  and 
■*hcn  the  data  are  corrected  by  the  computer  program  of  Crannell 
is  in  (b)  below.  The  contributions  due  to  the  radiative  tail 
I'sociated  with  the  peaks  have  been  subtracted  or  “unfolded”  in 
Crannell’s  program. 
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Fic.  4.  The  in- 
elastic level  scatter- 
ing in  calcium  at 
250  MeV.  The  figure 
shows  the  composite 
inelastic  peak  con- 
taining the  four 
levels,  3 35,  3.73,  3.9, 
and  4 48  MeV,  of 
which  the  middle 
two  are  probably  the 
most  important. 


F ic.  2.  This  figure  is  similar  to  Fig.  1 except  that  the  scattering 
angle  is  55°  and  is  near  the  first  diffraction  feature  of  calcium  at 
an  energy  of  250  MeV.  Under  these  conditions  the  small  impurity 
of  oxygen  can  be  observed.  (See  text.) 
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a.  The  excitation  energies  were  given  assuming  ground  state  transitions  only,  since  this  is  not  always  the  case 
o.  This  resonance  was  observed  very  distinctly  also  in  the  nuclear  absorption  cross  section  in  ref.  10. 
c The  groups  of  photoprotons  observed  in  the  energy  spectra  in  refs.  7-9  probably  correspond  to  these 


resonance  maxima. 
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Fig. 3.  Photoproton  spectrum  recorded  with 
Ey  max  = 25  MeV- 


form  NBS-418 

(R  EV.  7-1  4.64) 
USCOMM-OC  26010-P64 


PHOTONUCLEAR  DATA  SHEET  363 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL-  BUREAU  OF  STANDARDS 


ref.  3.  S.  Ishkhanov,  I.  M.  Kapitonov,  E.  N . Kornienko, 

and  B.  A.  Yur'ev 

Izv.  Akad.  Nauk  fiz.  _29,  221  (1965) 

Bull.  Acad.  Sci.  USSR  - Phys.  29,  221  (1965) 


G , Shev cnentco  , 


£ L EM.  S YM. 


Ca 


40 


20 


METHOD 


[Page  2 of  2] 


REF.  NO. 

65  Is  1 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

T Y PE  PAN  GE 

1 19},  • ( b . uniti 

"f  { « { f { f { } ! 

‘r  1 

1 

I 

0 1 1 L L I 1 

tO'r 

9 f 4 4 4 4 4 9 j 

I 

0 1 - ■ 

'A  I 

9 

4 54  > , , ‘ ’ ! 

I I 

6^ 1 ' ! ; 

j0  60  90  UO  150  189 ‘8 


4  *  * * 4 * ♦ ' * 

i -t  « ; 

b 

, 1 « 4 ' 4 5 ! ■! 

. 7t  k c 

? * 

■ i 4 , 

1 d 
! 

| j 4 i i 1 4 * 4 

j - 1 - - 1 1 

1 e 

! 'v  r 

1 5 1 ' * { 

• , v 9 

! * i ‘ 

JO  82  59  ‘OS  /5J'9 

* b ^ L Xg . 5 

Fig. 4.  Angular  distributions  of  different  proton  group4;  (£.„  = 22  MeV)  : a - 

Ep  * 7.5  MeV,  b - Ep  = 6. 0-7. 5 MeV.  c - Zp  = 3. 0-6.0  ' *** 
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Fig.  21.  Caldum  total  photonuclear  cross  section.  The  solid  line 
in  (a)  represents  the  <r(y,n)  data  of  Baglin  and  Spicer  (Ref  30) 
shifted  up  by  250  keV  in  energy  using  the  right-hand  ordinate 
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Fig  22.  Calcium  total  photonuclear  cross  section 
integrated  over  energy. 
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Fig.  1.  The  electron-proton  coincidence  rate  in  calcium 
as  a function  of  the  incoming  electron  energy  £0  and  of 
the  missing  energy  £^j  defined  in  eq.(l). 
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Fig.  5.  The  least  structure  cross  section  solution  for  the  average  of  the  yield  data.  Vertical  error  bars 
indicate  the  errors  in  the  cross  sections  as  calculated  by  the  least  structure  technique.  Horizontal 
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leading  to  positon  active  products  with  1 sec  haif-life  are  included  in  the  solution. 
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Table  1 

Cross  section  maxima 

the  maxima  with  energies  greater  than  26  MeV  for  calcium. 


Energy 

f(&p~L~pn*~'  1 .8f72a)d£ 

f(&  o — tfpo*-'-  2. 4*7,0  )d£ 

Experimental 

resolution 

(MeV) 

28.3  ±0.3 

0.27  —0.02 

0 27-0.02 
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54,6±0.4 

0.09  ±0.02 

0.10+0.02 

3.0 

60.0-0.6 

0.07-0.03 

0.05  ±0.03 

3.2 

The  energies  of  the  maxima  are  given  in  the  first  column.  The  second  and  third  columns  show  the 
integrated  cross  section  between  successive  valley  points  for  each  maximum.  The  integrated  cross 
section  values  are  given  as  fractions  of  the  integrated  cross  section  to  26  MeV.  The  second  column 
contains  results  for  the  0.6  x 2.4  mode  of  operation.  The  third  column  contains  results  for  the  2.4  x 3.6 
mode  of  operation.  The  last  column  gives  full-width  at  half  maximum  of  the  least  structure  resolu- 
tion function  at  the  energy  of  each  peak. 

* K.  Min,  L.  N.  Bolen  and  W.  D.  Whitehead,  Phys.  Rev.  I jid,  74V. 

J.  E.  E.  Baglin  and  B.  M.  Spicer,  Nuclear  Physics  _54,  ( 1964)  549. 
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TABLE  1.  Integral  Cross  Section  fadty 
MeV  • mb 


Integration 
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E,  -E,.MeV 

Data  from 
the  liter- 
ature 
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Note.  The  errors  shown  for  our  data  take 
Into  account  only  the  statistical  accuracy 
of  the  experiment. 
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Fig.  1.  Observed  photoneutron  time-of-flight  spectra  of  C,  O,  Mg,  Si,  Ca,  Co,V,  and  Ta. 
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Fig.  1.  Proton  energy  distributions  at  EYnr  = 16  MeV  (solid 
curre)  and  19  MeV  (dashed  curse). 
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FORM  NBS-41S 
Iftiv.  7-t  4-841 
use  OMM.OC  28  0 1 O*  P64 


PHOTONUCLEAR  DATA  SHEET  377 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANQAROS 


S.  Ferroni,  V.  Graeco,  D.  B.  Isabelle, 

Nucl.  Phys.  A9B,  409  (1967) 


METHOD 


R.  Malvano  and  M.  Sanzone 


EL  EM.  S VM.  A 


Ca 


40 


20 


[Page  2 of  2] 


REF.  NO. 

67  Fe  2 


JOC 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,XN 

ABX 

100- 150 

C 150 

BF3-I 

4PI 

reactions  • cm 
mote  - N'eV 


10-1 


t-.I 


1.0 

• Ca  (j.Tn)  react  ions  (our  experiment) 

* Ca’lj.np)  Kis'4Ca‘0((,np)  KJ*  reactions  • 7 ( ref iz.) 


5 


100  120  14.0  160  EpnaxMe^ 

Fig.  5.  Comparison  between  the  ( y , Tn)  and  the  (y,  np)  yields  for  calcium  (see  text). 


10-! 


mb 


c 

o 

Q. 

<5 

i/I 

JO 

ro 


5J 

r’ 


— Carbon 
Oxygen 

— Calcium 


100  120  140  160  EjMeV 

Fig.  6.  The  absorption  cross  sections  for  the  three  nuclei  after  all  corrections  have  been  applied. 


form  NBS-41S 

(R  EV  . 7-1  4-04) 
USCOMM-OC  2401O.P64 


PHOTONUCLEAR  DATA  SHEET 


378 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 


H.  M.  Gerstenberg  and  £. 
NBS  Tech.  Note  416,  June 


METHOD 


/ 


G.  Fuller 
1967 


EL  EM.  SYM.  4 


Ca 


40 


20 


REF.  NO. 

67  Ge  2 


HMG 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,XN 

ABY 

THR-  27 

C 27 

BF3-  I 

4PI 

Table  7.  Comparison  of  neutron  yields.  Yield*  are  given  In  unit*  of  (neutron  c«»/MeV  nuc leus) xlO' « . 
The  e*t lasted  uncertainties  In  t and  Yc  are  of  the  order  of  6 % and  10$,  respectively. 


Element 

E 

0 

T(Eo) 

UCRL  Sac  lay 

Va.  NBS(Old) 

UCRL 

Saclay 

Va. 

NBS(oid) 

Ref. 

Exp 

Exp 

Exp 

Exp 

Yc 

V 

Pb 

27 

103 

86 

0.83 

26,30 

22 

111 

92 

116 

0.83 

1.05 

Au 

27 

89 

97 

1.09 

24,30, 

22 

92 

98 

88 

115 

1.07 

0.96 

1.25 

38' 

Ta 

27 

81 

82 

77 

1.01 

0.95 

27,30, 

22 

85 

79 

80 

113 

0.93 

0.94 

1.33 

38' 

Ho 

27 

67 

75 

1.12 

27,31, 

22 

69 

77 

82 

103 

1.12 

1.19 

1.49 

39 

Ag 

27 

36 

22 

34.8 

Cu 

27 

14.4 

13.2 

0.92 

28,30 

22 

12.6 

11.5 

12.4 

0.91 

0.98 

Co 

27 

12.7 

12.1 

0.95 

29,34 

22 

10.6 

9.9 

13.5 

0.94 

1.27 

Ca 

27 

1.69 

1.13 

1.01 

0.67 

0.60 

32,35 

P 

27 

2.35 

1.76 

0.75 

36 

Al 

27 

1.92 

1.62 

1.38 

0.84 

0.72 

25,37 

0l* 

27 

0.54 

0.42 

0.48 

0.42 

0.78 

0.89 

16,32, 

c 

27 

0.50 

0.35 

0.33 

0.46 

0.70 

0.66 

37 

25,32, 



(OVER) 


FORM  NBS»41$ 

(Rtv.  7*1  4-64) 
U3COMM-OC  26010* P64 


PH0T0NUCLEAR  DATA  SHEET 


379 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OP  3TANDAROS 


/ 


I 

I 

j 

I 

I 


Fig*  31*  Absolute  neutron  yield  as  a function  of  atoalc  number.  The  neutron  yield  from  calcium 
(Z  = 20)  is  particularly  low  In  comparison  with  the  other  elements  because  Its  (y»n)  threshold 
is  high  compared  \a  the  mean  energy  of  the  giant  resonance. 
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Fig.  1.  Cross  section  of  the  reaction  Ca4°(r,  p)  (Ep  > 2 
MeV)  calculated  by  the  Penfold- Leiss  method  with  steps- 
AEy  - 1.0  MeV  (a)  and  AE^  » 0.5  MeV  (b). 


Fig.  2.  Cross  section  of  the  reaction 
Ca'i°(7,  p)  (Ep  > 7 MeV)  calculated  by  the 
Penfold- Leiss  method  with  steps  AE~  » 1.0 
MeV  (a)  and  AEy  * 0.5  MeV  (b). 
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b)  Calculated  taking  the  strength  of  the  2.05  MeV  res- 
onance to  be  26  eV  [11]. 
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Fig.  1.  The  excitation  function  of  the  ground  state  gamma  rav  transition  in  the  39«(p, yo)40ca  reaction  from  E p = 

= 2.88  to  6.01  MeV.  The  predicted  positions  of  1“  states  of  a recent  particle-hole  calculation  (1]  are  shown  by  verti- 
cal bars  with  excitation  energies  superscripted  by  an  a shown  above  the  bar.  The  £p  = 4.99  MeV  resonance  was  shown 

to  be  2 ‘ 
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Fig.  3.  Nuclear  absorption  cross  section  for  calcium.  The  zero  line  is  determined  in  an  absolute  way, 
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FIG.  I.  Cross  section  forCa40  ( y,p ) with  Ep  > 2 MeV  photoprotons, 
calculated  from  the  yield  curve  by  the  Penfold-Leiss  method,  at  energy 
intervals  AE  of  (a)  I MeV  and  (b)  0.5  Mev. 
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(7.p)  with  Ep>  2 MeV  photoprotons. 
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FIG.  S.  Cross  sections  for  the  reactions:  a - Stls  (7  ni 
h S”  (7,  n),  c - Ca40  (y4  n).  Computational  step  AE  = 0 ’ MeV 
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Fig.  8.  Experimental  form  factor  points 
ahd  best  theoretical  fits  to  them  for  the 
first  2+  states  in  Ca-  and  Ca4*.  The 
experimental  points  and  their  errors  are 
given  in  Table  V. 
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Fig.  10.  Experimental  points  and  best  theoretical  lit  to  them 
i or  the  triplet  of  states  near  6.94  McV.  For  reasons  described  in 
text,  oniy  the  2 — and  3—  states  are  assumed  to  contribute  to  the 
cross  section.  These  are  accounted  (or  by  separate  form  (actors 
generated  within  the  framework  of  the  strict  hydrodynamic 
model.  The  B ( EL  7 ) value!  are  varied  until  beat  (it  is  obtained. 
Neither  the  2+  nor  the  3—  form  factor  alone  will  fit  the  data. 
Both  separate  and  combined  form  factors  an  shewn  in  the  figure 
as  solid  lines. 


Fio.  9.  Experimental  form-factor  points 
and  best  theoretical  fits  to  them- tor  the 
first  3—  states  in  Ca*  and  Ca*.  The 
experimental  values  an  given  in  Table  V. 
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no  to  pet,  % 
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Si*  — NV< 
P"  _ X,« 
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\,u 
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5 p.  5a 
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flp.  7a 
9 p.  7a 

51 

69 

7H 
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us 

Ai 

Si 

P 

nh,o 

K;COt 

C.0 

inn 

92.27 

tin 

95.02 
75,  i 
ai.nH 
96,97 

The  threshold  was  calculated  as  the  binding 
energy  of  the  emitted  nucleons. 


Table  II.  Cross  sections  for 
reactions  in  the  saturation 
region 


J*.  1 

Reaction  l..r_»cni:'|  Reaction 
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1 1X54.2* 'll  Cl*— W-* 

\a  * 

1 72  4 k i|  K»-Na;* 

r 1 — n.i:i 

1 ;;.j  '1  < a‘°-.Na“ 

b31-  Na;* 

1 52  4 6 '1 

6H-^7 
.<5-5 
22  r 3 


According  to  the  photomesonic  mechanism,  the  cross 
section  for  the  reaction  can  be  written  in  the  form 

a = n-AP.  ( 1) 

Here  a0  is  the  total  cross  section  for  interaction  of 
the  photon  with  a free  nucleon  with  inclusion  of  the 
nucleon  motion  in  the  nucleus  (ct0)  as  has  been  shown  by 
Roos  and  Peterson/81  depends  only  weakly  on  photon 
energy  for  Ey  > 300  MeV);  A is  the  number  of  nucleons 
in  the  nucleus,  and  P is  the  probability  that  the  reaction 
will  proceed  by  a given  channel. 
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Table  2 

Observed  yields  from  the  “Ca(y,  py')  and  “Ca (y,  ny')  reactions 
Final  state  J * One-hole  Parent  state  Yield  Threshold 


(MeV)  configuration  in  “Ca( MeV)  (MeV) 

(I0*/mol  R)  (MeV  • mb) 


3,Ca 

3,K. 

: 2.47 
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! ** 
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0* 
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26 

90 

•> 
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16  ») 
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I *- 
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4.48 

1 25 
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! »- 

1 

18.7 

3‘K. 
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3.73 

) 11 
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11.3 

3,K 

: 3.88 

i- 
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I 2'4 
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i.i 
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31  Ca 

: 3.94 

19.6 

3,K. 

: 4.93 

3.2 

2.0 

13.2 
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: 5.17 

1 

13.5 

3*Ca 

: 5.13 
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(d})-‘ 

j 4.6 

b) 

3.0  ») 

20.8 

3,K 

: 5.28 

0* 
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6.0 
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3.8  b) 

13.6 
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: 5.62 

(]*).!* 

(dp-1 

0~ 

0 

2.5 

h) 

1.6  h) 

13.9 

3,K. 

: 5.96 

(*".  i’) 

1.6 

°) 

1.0  h) 

14.3 

3»Ca 

3,Ca 

: 6.15 
: 6.35 

| (i*U* 

(dp-1 

0* 

0 

1.4 

3.2 

°) 

°) 

0.9  ») 
2.0  ») 

21.9 

14.7 

*)  Includes  possible  small  contributions  from  cascade  transitions. 
°)  Assuming  100%  ground-state  transitions. 
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Fig.  3.  Partial  spectra  ofy-rays  from  the  calcium  target.  Level  positions  of  "K.  and  “Ca  are  indicated 
by  arrows.  The  energy  scale*  correspond  to  full-energy  peaks  (lower  curve)  and  double-escape  peaks 
(medium  and  upper  curves),  respectively. 
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Fig.  i.  The  observed  differential  cross  sections  at  900 
for  the  reactions  40Ca(y,  n^^Ca  and  40Ca(y,  p0)3i4c 
both  measured  relative  to  deuterium  cross  sections 
which  are  known  to  an  accuracy  of  ±10%. 


Fig.  2.  A comparison  between  the  differential  cross  sections  at  90°  for  the  reactions  40Ca(y, n0)39Ca  and 
40Ca(y,  p0)39K.  The  data  points  represent  the  photoproton  results  and  the  solid  curve  represents  the  photoneutron 

results  (normalized  by  a factor  of  2.2). 
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Fig.  5.  Riesenresonanz  von  *°Ca.  Beide  Speklren  »ind  auf  ^£»3t0-  10*  MeV/pAi 
nornncrt  Die  gesiriehellen  Limen  gcben  die  im  Teal  erliuterten  Integrationsgreruen 
und  den  Umergrund  an.  Bei  £,=  IN,5  MeV  ergibt  die  Umrechnung  der  Zahlraie 
gemaU  Gl.  (6)  und  (7)  unter  Annahmc  reincr  £ l-Abvorpuon  den  Fhoioncnwirkungs- 
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hahen  Maxinulwerte  bet  IN, 5 MeV  von  etwa  85  mb 
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Fig.  3.  Anregungsfunktionen  der  Reaktion  /0r°C a unter  0r  urtd  90’,  aufge 

nomincn  mit  ciner  Schrillw cite  von  20  keV.  Die  Doppelpfei’.e  s«ben  d:e  Er.ergien  an 
bci  denen  das  Target  gcuechsclt  wurde 
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Tabelle 


M 
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2.822  McV 

3,56.1 

3.641 

3,870 

4,086 

4,124 

4,201 

4,353 

4,431 

4,630 

4,729 

4,866 

4,965 

5,050 

5,122 


2,822  McV 


a)  3,850 

b) 

c)  3,880 


a)  4,431 
II  b)  4,451 


a) 

b)  4,862 
4,949 
5,038 


9,6  kcV 


7,2 


7,5 

11,7 


12,4  (0°); 
9,3  (90°) 


1 1,085  McV 
I 1 .807 
1 1,883 
1 2,090 

12,120 
12,317 
12,354 
1 2,429 
12,578 
12,654 
12,674 
12,848 
12,944 

13,074 

13,159 

13,245 

13,327 


7,2  cV 


21,3 

9,0 


11,9 

30.7 

35,2 

15.7 


5,2  cV 

9,4 

9,7 

19,2 


8,2 

5.6 

7,5 

31,0 

9,0 

11,9 

40.2 

32,5 

19.3 

« 

6,8 


1 ! 2 1 '3 

4 

5 

6 

7 
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Kennzeichcn 
dcr  Rcsonanz 
in  Fig.  3 und  4 

En  tLab.  S.) 

Lagc  dcs  Maminunn  aus 
Mcssung  mil  Aufliisung  von 

r 

Totnlc  Brcitc 
(aus  Mcssung 
mu  5 kcV 
Aufldsung) 

^x 

Anrcgungs- 
cnci'gic 
in  40Ca* 

(2J+\)rpryoir 

Rcsonanzstarkc  aus 
Mcssung  mit  Auf- 
Idsung  von 

Kesonanz- 
slarkc  nach 
Rcf.Jb 

20  kcV  | 5 kcV 

( Fig.  3)  | (Fig.  4) 

5 kcV 

20  keV 

4.7  cV 
3.2 

2,6 

1,5 

7.4 

13.2 

4.0 

5.1 

5.2 

2.2 

19,5 

10.3 

4.5 

5.8 


Q 

5,240 

13,442 

6,6 

R 

5,590 

13,784 

6,6 

2,2 

S 

5,693 

5,677 

23  (0°) 

13,868 

10,9 

20,8 

43,0 

T 

5,772 

5,767 

24 

13,956 

25.4 

44,6 

93s5 

U 

~5,90 

~ 14,08 

28,4 

Fehler: 

relative  Lage  + 10  keV, 
absolute  Skala  + 10  keV 

± 20% 

wie  Spalten 
2 und  3 

Relativwerte  + 30% 
absolute  Skala  ± 25% 

± 30% 
s.  Text 

* Berechr.et  mit  den  E^-Werten  aus  Spake  3,  wenn  verfOgbar,  sonst  aus  Spalte  2. 

b Die  Werte  aus  Ref.3  (Experiment  bei  O’)  wurden  mit  dem  Verhaltnis  da (90°) Id a(Q°)  multipliziert  (s.  Text). 
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SOURCE 

detector 
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D 183,250 

MAG-D 

DST 
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TABLE  I.  Cross  sections  for  the  odd-parity  states  in  10Ca  at  the  incident  energy  of  183  MeV.  da/dtl  are  given  in 
units  of  cm!/sr  with  the  power  of  10  indicated  in  parenthesis.  Errors  are  expressed  as  percentage. 


E. 

9 (deg) 

3.74  MeV,  3" 
da/dSl  error 

4.49  MeV,  5" 
do/dft  error 

5.90  MeV,  \~ 
do/dU  error 

6.29  MeV,  3* 
da/d  ft  error 

6.59  MeV,  3" 
da/dU  error 

6.95  MeV,  1- 
da/d Q error 

35 

4 .36(— 30)  ±7.9 

1 . 0 3( — 31 ) ± 67.0 

5.02( — 31)  ±41.1 

9.91<-31)±  24.3 
8.53(— 31)  ± 9.7 

6.06(— 31)  ± 31.8 
4.68(— 31)  ± 39.7 

4.88(— 30)  ±4.0 

45 

4.21  ( — 30)  ± 10.5 

4.92 ( — 32)  * 90  0 

2.46(-31)±  10.0 

3 . 22  ( —31)  * 11.5 

2.31(— 31)  ±45.7 

2.33(— 30)  ± 3.5 

4.28(-30)±  10.3 

5.41(— 32)  ± 72.0 

1 ,38(— 31)  * 33.3 

4 48(— 31) ±6.6 

3.20(— 31)  ±34.6 

3.00(— 30)±  2.5 

55  ' 

2.97(-30)±  10.0 

5.99 ( — 32)  ± 25.0 

1 . 0G( — 3 1 ) * 8.1 

1 . 65( — 3 1)  ±9.7 

1.44(-31)±  10.4 

1.44(— 30)  ± 3.7 

2 . 59  ( —30)  * 10.9 

6.63(— 32)  ± 12.9 

1.30(-31)±  10.6 

1 . 90  ( — 3 1 ) ±5.6 

1.13 (—31)  ± 9.4 

1 ,38(— 30)  ±3.1 

65 

1.60<— 30)  ± 8.3 

5.22(-32)±  16.1 

4 . 79 ( — 32 ) * 8.8 

6 . 17 ( — 32)  * 12.0 

4 . 37 ( — 32)  ± 15.7 

5.69(— 31)  ±2.8 

1 .56(— 30)  ± 8.4 

5 . 59 (—32)  *9.4 

4.05(— 32)  ± 15.5 

5 . 95(  — 32)  ± 6.2 

4.00(— 32)  ± 13.0 

5.05(— 31)  ±4.2 

75 

7 . 72 < —31 ) * 7.3 

5.32(-32)±  14.3 

1.30<-32)±  19.6 

1 . 9 5(— 32)  ± 21.7 

1 .9  5(— 32)  ±21.7 

2.10  < — 31 ) ±6.6 

6.42(— 31)±  8 8 

5.48(— 32)  ±6.7 

2 00(-32)±  22.5 

1 . 36 ( — 32)  ± 14.6 

1.70(-32)±  15.0 

1.91(— 31)  ±4.5 

85 

3.23(— 31)  ± 8.9 

4.58(— 32)  * 13  3 

5 . 30 ( — 33)  ±48.5 

4.50(-33)±  50.0 

3.9 5(— 33)  ± 40.5 

6.80(— 32)  ±9.7 

95 

105 

1 .09(— 31)  * 8.7 
3 .47  C— 32)  * 9.9 

3.31(-32)±  15.2 
2.54(— 32)  ±9.9 

1.71  ( — 33)  ± 94.4 

<2.85(— 33) 

1 .90(— 33)  ± 85.0 

1 . 32  ( — 32)  ±25.0 

115 

6.98<-33)±20.1 

1.49(-32)±  12.9 

1 . 0 2(  — 33)  ± 25.0 

1.21(-33)±  25.0 

<7.4  (-34) 

TABLE  n.  Cross  sections  for  the  odd-parlty  states  in  )0Ca  at  the  incident  energy  of  230  MeV.  du/dU  are  given  La 
units  of  cm:/sr  with  the  power  of  10  indicated  in  parenthesis.  Errors  are  ex:  rcssed  as  percentage. 


E, 

3.74  MeV,  3“ 

4.49  MeV,  5’ 

6.29  MeV,  3- 

6.59  MeV,  3" 

6.95  MeV 

, 1" 

S (deg) 

da/dU  error 

da/dtl  error 

da/d  f)  error 

da/dZl  error 

da/dQ. 

error 

73 

4 ,9G(— 32)  ± 24 .4 

G.0.H(— 32)  ±13  4 

4 ,08(— 33)  ± 22.2 

4 .84 (—33)  ±31.3 

4 . 84  (—33; 

± 25  0 

S3 

3.44(— 33)  ± 20.0 

3.29 ( — 32)  ±7.1 

3.18(— 33)  ± 8.1 

3.44(-33)±  10.0 

3.23(— 33) 

±7.7 

95 

9.6G(— 34)  ± 31 .6 

1 . 1 0 ( — 32)  ±7.8 

105 

1 23(— 33)  ± 12.5 

4 .07 (—33)  ±6.6 

1.11  (—33)  ± 15.0 

6.4G(— 34)  ± 28.6 

1 .44  (—33) 

± 12.8 

125 

3. 16 (—34)  ± 32.1 

3.30(— 34) ± 22. G 

8 . 37 (—35)  ± G4 .9 

G.  11  (-.33)  ±72. 2 

1 

CT 

O 

± ~f)  n 

135* 

7.47(-35)±  22.9 

2.4  1 (—33)  ± 17.9 

‘Incident  energy  is  198  MeV. 
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is  183  MeV  and  9 -35'.  The  radiative  corrections  have  been  made.  The  sum  of  the  cross  sections  of  (y,p)  and  (y ,n)  re- 
actions are  indicated  with  solid  curve  on  the  spectrum. 


TABLE  VI.  Theoretical  and  experimental  reduced 
transition  probabilities  for  odd-parity  states. 


(MeV) 

Jw 

Present 

Horie  and 
Yokozawa 
(Ref.  33) 

Gerace  and 
Green 
(Ref.  34) 

3.74 

3r 

27.3  ±1.0* 

2S.0 

27.2  (23.0)b 

6.29 

6.59 

4.49 

3f 

3j 

5" 

4.6  ± 0.4 
2.5±0.2 
17.7±3.8* 

23.4 

1.9  (0.5) 
2.7  (3.5) 
20.4  (18.0) 

'Weighted  mean  of  B(£L ) from  Tassle-type  and  shcll- 
m odel -type  transition  charge  density. 

bB/B w.u  111  parentheses  were  calculated  on  a different 
basts  of  s ingle -particle  energy  I (see  Ref.  34). 

Gerace  and  A.M.  Green, 

Nucl.  Phys.  All?,  64-1  (1968). 


FIG.  7.  The  experimental  |/"[n|*  for  the  5.9-MeV  (1*) 
and  6.9-MeV  states.  The  solid  curves  are  calculated  by 
Fu)ii  assuming  p,r  which  has  the  form  corresponding  to 
the  product  of  monopole  and  dipole  generators. 
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I EUEM.  SVM. 


Ca 


4-0 


20 


REP.  NO. 


REACTION 


RESUL  T 


EXCITATION 

ENERGY 


Present  (e.  •') 

Sum  of  (r.  P ) and  ( r. n) 

-Sum  of  Longitudinal  I*  Form  ..oc,, 

Port icle- Hole  Model,  Gill**  and  Sondsrton  U967) 


, £,'*•  18.26  MeV 

10  L £.*■  22.01  MeV 

— £>16.75  MeV 


FIG.  8.  The  experimental  form  factors  of  the  giant 
resonance.  The  data  are  compared  with  sum  of  the  thee 
retical  form  factors  of  dipole  states  calculated  with  the 
wave  function  of  Gillet  et  al. 


SOURCE 


[Page  2 of  31  j 70  It  2 


hrag 


OETECTOR 


ANGLE 


MeV  levels.  The  curves  are  calculated  by  Tassle  model, 
except  for  £5  excitation  which  is  calculated  by  the  wave 
[unction  of  Gillet  et  al. 


TABLE  V.  Reduced  transit  in  probabilities  for  the  odd-parity  states  in  40Ca  obtained  from  the  different  types  of 

transition  charge  densities. 


E, 

(MeV) 

u r* 

T assie  type 

BIEL)  (e'F*L)  B/Sw.u. 

Shell-model  type 
BIEL)  (e'E^) 

3.74 

3f 

18450  * 670 
c„  = 3.20  F 

27.7*  1.0 
t„  =2.31  F 

18000*  670 
a = 1.20,  6 = 2.07  F 

26.8*1.0 

4.49 

5" 

(3.38 * J'ij)  x 10* 
c„  -2.94  F 

20.2*| 
<tr=1.91  F 

(2.73  * 0.75)x  10* 
a = 0.00,  6 = 2.05  F 

16.3*4.5 

6.29 

3f 

3040*260 
a =0.50,  6 = 2.30  F 

4.6  *0.4  - 

6.59 

3T 

1680*  130 
a = 0.45,  6 = 2.19  F 

2. 5*0.2 

[ over ] 
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FIG.  15.  The  experi- 
mental I.F|n  1 2 for  the  3.90-, 
5.25-,  and  5.61-MeV  lev- 
els. The  curves  are  calcu- 
lated by  using  the  strict 
Tag  ate  model. 
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FIG.  5.  The  experimental  IF'|ni2  for  the  3.74-  (3f ),  6.29-  (3f ),  6.59-  (37),  and  4.49-MeV  (57)  states  which  are  de- 
fined as  (<*7/dn)/crMot,  are  plotted  against  momentum  transfer  q.  The  curves  are  theoretical  cross  sections  calculated 
by  DWBA  code  using  the  transition  charge  densities  of  the  strict  Tassie  model. 
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TABLE  m.  Form  factors  for  the  3"  and  5"  states  of  "Ca  for  the  Incident  energy  of  250  MeV.  The  cross  sections  a: 
Tirtous  energies  were  normalized  to  those  at  250  MeV  with  the  help  of  the  DWBA  calculation.  Errors  are  expressed 


ii  percentage. 


9 

(deg) 

3.74  MeV, 
f 

(F-‘) 

. ar 

10**  1 Fj  0|a 

6.29  MeV,  3f 
</-')  104x|F,b|* 

6.59  MeV,  3f 
V 

(F->)  104x  |F,a  |* 

4.49  MeV,  5- 
7 

(F-1)  10'x  1 F|B|l 

£,-60.3  MeV* 

90 

0.440 

2.22*6.0 

no 

0.506 

4.50*2.0 

130 

0.555 

6.66*2.0 

150 

0.596 

8.65*6.0 

£,-183  MeV 

35 

0.552 

6.34*7.9 

0.549 

1.44*24.3 

0.549 

0.83*31.8 

0.551 

0.15*67.0 

1.24*9.7 

0.03*  39.7 

45 

0.702 

17.1  *10.5 

0.698 

1.31*  11.5 

0.698 

0.94*45.7 

0.701 

0.20*90.0 

17.4  ±10.3 

1.82*6.6 

1.30*34.6 

0.22  * 72.0 

55 

0.847 

27.8  ±10.0 

0.842 

1.55*9.7 

0.842 

1.35*  10.4 

0.352 

0.56*23.0 

24.2  ±10.9 

1.78*5.6 

1.06*9.4 

0.62*  12.9 

65. 

0.985 

30.3  *8.3 

0.987 

1.17*  12.0 

0.979 

0.83*15.7 

0 .993 

0.99*  16.1 

29.2  ±8.4 

1.13*6.2 

0.76*  13.0 

1.06*9.4 

75 

1.125 

26.3  ±7.3 

1.121 

0.69*21.7 

1.119 

0.69*21.7 

1.130 

1. S3*  14.3 

22.7  ±8.8 

0.48*  14.6 

0.60*  15.0 

1.94*6.7 

85 

1.268 

20.1  ±8.9 

1.242 

0.28*50.0 

1.235 

0.37*40.5 

1.243 

2.S5  * 13.3 

95 

1.372 

11.5  ±8.7 

1.360 

<0.30 

1.350 

0.20*85.0 

1.353 

3.43*  15.2 

105 

1.480 

6.02  ±9.9 

1.455 

4.41*9.9 

115 

1.570 

1.99*20.1 

1.570 

0.35*  25.0 

1.560 

0.34*  25.0 

1.568 

4.26*  12.9 

£,  = 250  MeV 

75 

1.531 

3.23*24.4 

1.523 

0.27*22.2 

1.523 

0.32*31.3 

1.523 

4.02*  13.4 

85 

1.699 

0.40*20.0 

1.690 

0.37*8.1 

1.689 

0.40*  10.0 

1.C9G 

3.S2  * 7.1 

95 

1.854 

0.19*31.6 

1.351 

2.17*7.8 

105 

1.995 

0.40±  12.5 

1.985 

0.36*  15.0 

1.984 

0.21*28.6 

1.992 

1.52*6.6 

125 

2.231 

0.22*32.1 

2.219 

0.074*64.9 

2.218 

0.054  * 72.2 

2 227 

0.31*22.6 

135" 

1.845 

0.07*22.8 

1.841 

2.29*17.9 

'Yale  data. 

bIncldent  energy  Is  198  MeV. 

TABLE  IV.  B<£L)  values  In  Welsskopf  unite  extracted  from  present  (*.*')  and  other  experiments. 


(MeV) 

Jw 

Present 

Tassle  type 

Shell-model  type 

Yale 
(•.s') 
(Ref.  5) 

Orsay 
(e.e') 
(Ref.  4) 

MIT 

(<*,<*') 

(Refs.  25,  35) 

3.74 

3- 

27.7*  1.0 

26.8*1.0 

31.7*4 

15.0 

23.6*3.5 

3.90 

2* 

3.0  1 

2.0±0.2 

3.6 

2.9*  0.5 

4.49 

5~ 

20.2*5 

16.3*4.5 

12.3 

17.7*2.7 

5.25 

2* 

0.4  * 

5.61 

2* 

0.4  * 

0.7  *0.2 

5.90 

I- 

6.29 

3- 

4.6*  0.4 

6.6*  1.0 

6.59 

3" 

2.5±0.2 

3.8*0.6 

6.95 

1“ 

7.9 

2‘ 

1.3  * 

1. 8*0.4 

7.9 

(44> 

5 * 

5.6*  0.8 

8.5 

2* 

0.4  * 

0.7 

8.5 

(5~) 

7.0  * 

6.9 

2.1<44) 

'Error  was  not  estimated. 


407 


m 


n 

REf-  K.  Kayser,  W.  Collin,  P.  Filss,  S.  Guldbakke,  G.  Nolte, 

H.  Reich,  J.  0.  Trier,  W.  Witschel 
Z.  Physik  2^2,  447  (1970) 
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Ca 

A 

40 

Z 

20 

n 

METHOD  ! 

REF.  NO. 

70  Ka  2 

egf 

REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

m 

TYPE  RANGE 

TYPE  RANGE 

G .NP 

ABX 

20-  140 

C 20- 140 

ACT-  I 

4PI 

m 


Investigation  of  the  Photo  Nuclear  Reactions  IJC(y,  n),  ,JC(7, 2n\ 
3,K(y,  n)  and  40Ca(y,  np ) up  to  the  Meson  Threshold 

In  order  to  obtain  data  on  the  photon  absorption  process  between  the  giant 
resonance  and  the  meson  threshold  the  cross  sections  of  the  reactions  uC(yt«i)uQ 
,JC(r,2n),0C,  wK(jr,  and  ^Cafy,  np)MK*  have  been  determined  by  the 

analysis  of  yield  curves  at  the  140  MeV  electron  synchrotron  of  the  PTB. 

Though  the  (y,  n)  cross  sections  grow  small  with  increasing  photon  energy  they 
are  different  from  zero  up  to  energies  of  60  MeV  and  above.  The  cross  section  of  the 
reaction  ,JC(y,  2n)  is  extremely  small;  its  highest  value  amounts  to  0.13%  at  the 
highest  value  of  the  I2C(y,  *)  reaction.  The  measured  40Ca  (j,np)  cross  section  is 
of  the  order  predicted  by  the  naive  quasi-deutcron  model.  The  integrated  cross  sections 
oftheabovereactionsuptol40MeVare85  ± 7, 0.90  ± 0.10,1 39  ± 1 6,  and  76  ± 7 MeV  mb 
respectively. 


Kernphotoreaktionen  an  IJC,  "K  und  40Ca  bis  zur  MeaonenscfaweOe 


Fig.  6.  Wirkungsquerschnitt  der  Reaktion  40Ca(y>  *p)*K» 
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p.  StrehL 

Z.  Physik  2^4,  41&  (L970) 

EL  EM.  S vm. 

Ca 

A 

40 

Z 

20 

MPTHOO  / 

70  Sc 

2 

egf 

SOURCE 

DETECTOR 

reaction 

RESULT 

energv 

TYPE  RANGE 

TYPE 

range 

angle 

E,E/ 

A3X 

3 

d 54 

MAG-D 

141 

(3.35) 

(53.98) 

laoclle  J.  Lxptnmenreue  raramercr  una  Mcpwcne.  cr  rrimarenrrgie t ^rrcuwinicei 

im  Laborsystcm.  q undastischcr  Impulsiibcrlrag.  <tI<je  gcmcsscncs  Verhdltnis  von 

siaristisclte  Fchler  in  % angcgcbcn.  daidCl  undastischcr  dif/creniieller  Wirkungsquer* 
schnitt;  H cgcn  dcr  Fehlerangabcn  igl.  Text.  Die  Mcfiwerte  fur  Si  und  S sind  ah 
Ergebnisse  fur  n,,Si  und  nl'S  aufzufasscn  (vgl.  Text) 


3 " 3.35  0+ 


£0 

(MeV) 

9 

n 

9*  5 

(fm-2) 

ol<JE 

GO-4) 

da  Id  Si 

( 1 0 _ 33  cm2/ster.) 

1JC  7,65  MeV 

59,58 

117,04 

0,231 

14,90  (0.6) 

24,69  ±1,60 

56,94 

129,02 

0.231 

13,79  (1,0) 

13,68  ±0,96 

54,12 

141.11 

0,229 

14,98  (0,7) 

8, 15  ±0,55 

52,75 

153,15 

0,231 

15,24  (1,0) 

6,62  ±0,47 

51,90 

165,05 

0,231 

15,78  (1.8) 

1,16±0,09 

51,18 

104,98 

0,145 

5,80  (0,7) 

28,80  ± 1 ,69 

47,90 

117,04 

0,145 

5,51  (0,7) 

1 7,19  ±1,01 

45,48 

129,02 

0,145 

5,97  (1,2) 

1 1 .14  ±0,71 

43,57 

141,11 

0,143 

5.95  (1,1) 

6,09  ±0,38 

42,54 

153,15 

0,145 

5,82  (1,4) 

2,67  ±0,18 

37,51 

104,98 

0,074 

1,41  (1,4) 

15,38  ±1,07 

35,08 

117,04 

0.073 

1,33  (1,6) 

9,14  ±0,57 

33,39 

129,02 

0,073 

1,44  (1,7) 

5,89  ±0,37 

32,04 

141,11 

0,073 

1,39  (2,0) 

3,11  ±0,21 

31,36 

153,15 

0,073 

1,39  (3,2) 

1,39  ±0,11 

24Mg  6,44  MeV 

59,OJ 

116,94 

0,232 

5,53  (2,2) 

28,28  ±2,24 

55,81 

129,03 

0,231 

5.41  (1,5) 

16,65  ±1,20 

53,64 

140,95 

0,231 

5,65  (1,6) 

9,51  ±0,70 

52,14 

153,00 

0,231 

5,17  (2,1) 

3,95  ±0,32 

35  cs 

104,96 

0,074 

0,59  (2,6) 

25.08  ±1,78 

•4.5? 

116,94 

0,074 

0,56  (3.2) 

15,09  ±1,16 

22,87 

1 29,03 

0,074 

0,58  (2,8) 

9,37  ±0,68 

31,72 

140.95 

0,074 

0,58  (3,1) 

5,10  ±0,39 

30,86 

153,00 

0,074 

0,68  (5,5) 

2.69  ±0,27 

Si  4.98  MeV 

58,38 

116,94 

0,232 

5.61  (1,9) 

38,70  ±2,68 

55,12 

129,03 

0,231 

5,27  (0,9) 

21,98  ±1,34 

52,87 

141.11 

0,231 

5,58  (1,3) 

12,72  ±0,81 

51,28 

153,00 

0,230 

5.69  (1,9) 

6.00  ±0,42 

49,93 

104,96 

0,145 

2.05  (1.6) 

49,60  ±3,13 

49,97 

104,96 

0,146 

2,10  (1,4) 

50,68  ±3,09 

46,77 

116,94 

0,146 

2,23  (2,2) 

33,90  ±2,31 

44,28 

129,03 

0,146 

2,14  (2,0) 

19,48  ±1,29 

42,44 

141,11 

0,146 

2,20  (1.7) 

10,98  ±0,70 

41,23 

153,00 

0,145 

2,45  (2,1) 

5,64  ±0,38 

41,37 

153,00 

0,146 

2,48  (2,5) 

5,67  ±0,40 

36,28 

104,96 

0,074 

0,53  (4,5) 

32,51  ±2,90 

36,26 

104,96 

0,074 

0,56  (4.0) 

34,35  ±2,89 

33,98 

1 1 6,94 

0,074 

0,55  (4,3) 

21,28  ±1,83 

32,17 

129.03 

0,074 

0.52  (4,0) 

11.98  ±1,00 

30,87 

141,11 

0,073 

0,59  (5,3) 

7,54  ±0,73 

29,96 

153,00 

0,073 

0,66  (5,7) 

3,89  ±0,39 

30,09 

153,00 

0,074 

0,60  (5,0) 

3,52  ±0,33 

Si  6,69  MeV 

58,38 

116,94 

0,225 

0,48  (25) 

3,30±l.00 

S 3,78  MeV 

59,19 

104,96 

0,210 

0,32  (37) 

5,17  ±3.36 

58,80 

104,96 

0,209 

0,27  (45) 

4.40  ±3.30 

<nCa  3,35  MeV 

53,98 

140,95 

0,250 

0,92  (9) 

3,03  ±1,21 
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Fig.  3.  MeOergebnisse  fur  Monopolubergange  in  2<Mg(6,44  MeV),  2®Si(4,98  und 
6,69  MeV),  32S(3,78  MeV)  und  JOCa(3,35  MeV)  als  Funktion  von  q2.  Die  einge> 
tragenen  MeDpunkte  und  die  zueehorigen  Kurven  gelten  fOr  eine  Auswertung  mil 
fc,  jt,  und  nach  Modell  I.  Fur  ;!Si(4,98)  sind  nur  die  aus  a/aE  und  Df£  berechneten 
longitudinalen  Anteile  aufgetragen  (vgl.  5.1),  wobei  die  MeDpunkte  bei  gleicher 
Impulsubertragung  und  gleichem  Streuwinkel  (vgl.  Tabelie3)  zusammengefaDt  wur> 
den.  Die  gestrichelten  Kurven  zeigen  die  Extrapolation  nach  q=0  mit  vorgegebenetn 

Cbergangsradiua 


c.  -P.  Wu,  F.  W.  K . Firk,  and  I.  W.  Phillips 
Nucl.  Phys.  A147.  19  (1970) 
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ABX 
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C 16-22 

TOF-D 
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Cross  section  relative  to  D(Y}n)p 


GROUND  STATE 


i?  ib  19 

Eicilation  Energy  (MeV) 


K i(.  5a.  The  observed  32S(/,  n0)31S  deferential  cross  section  at  90".  5b.  The  32S(>',  p0)3lP  differential 
„ross  section  at  90:  deduced  from  the  inverse  reaction  2).  The  magnitude  of  the  cross  section  is  that 
of  ref.  IS),  also  measured  relative  to  the  cross  section  for  the  DC/,  nip  reaction. 
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Fig.  3.  The  experimental  (y,  np) -f  (’/.  d)  cross  section  in  *°Ca  measured  for  reactions  proceeding 

through  the  J,K  ground  state. 
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Table  I. 


p = 25  MeV/o 

p — 100  MeV/o 

a». 

<*.« 

<W««* 

>*c 

1? 

0.25 

0.65 

0.35 

0.83 

3.15 

0.38 

1* 

0.38 

1.26 

0.30 

0.31 

0.87 

0.36 

“Ca 

w# 

0.03 

0.29 

2.62 

0.11 

2*1 

1.41 

7.28 

0.19 

0.86 

1J, 

(0.28) 

0.05 

0.76 

3.94 

0.19 

1 P 

(0.65) 

(0.93) 

1* 

(0.03) 

(0.67) 

Oom  Motion*  ap«  flren  In  unlU 

10"“  (cm*/M«V/»H). 
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TABLE  L Differential  cross  sections,  spin  and  parity,  transition  radius,  and  radiation  width  for  energy  levels  in 

4*Ca  and  nS,  including  DWBA  corrections. 
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FIG.  V.  Differential  croes  section  for  180*  scattering 
of  39.1-MeV  electrons  from  calcium.  The  gap  In  the 
spectrum  is  present  because  a preliminary  surrey,  as 
well  as  the  56-MeV  data,  showed  no  structure  of  Interest 
in  this  region. 


FIG.  2.  Differential  croes  section  for  180*  scattering 
of  56.1-MeV  electrons  from  calcium. 
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FIG.  3.  n 'in*  yield  ratio  as  a 
function  of  mass  number  A. 
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FIG.  1 . Structure  of  the  cron  lection  for  the  reaction  Ca*°(7.n). 
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Fig.  5.  Difference  spectra  between  two  distributions 
for  the  different  irradiations:  (a)  (25.5  MeV)-(23.0 
MeV),  (b)  (23.0  McV)-(20.5  MeV)  and  (c)  (20.5 
MeV)-(l8.0  MeV). 


Fig-  1.  Histograms  of  the  photoproton  energy  dis- 
tributions for  the  different  bremsstrahiung  energies 
of  25.5,  .23.0.  20.5  and  18.0  MeV  from  the  top  re- 
spectively. The  abscissa  for  £,  is  excitation  energy 
of  ‘«Ca  supposing  that  all  protons  decay  to  the 
ground  state  of  • K.  This  expression  is  same  in 
case  of  Fig.  2,  3,  4 and  5 
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Fig.  3.  Experimental  angular  distributions  for  each 
bremsstrahiung  maximum  energy  of  25.5,  23.0, 
20  5 and  18.0  MeV.  The  angular  distributions  for 
the  total  protons  are  shown  at  the  top.  Each  dis- 
tribution is  measured  at  30*.  60*.  90*,  120*  and 


150*. 


Fig.  2.  Smoothed  energy  spectra  of  photoprotons 
■ from  theMCa(j'.p)*,K  reaction  with  bremsstrahiung 

maximum  energies  of  25.5,  23.0,  20.5  and  18.0 
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Fig. 4-5  Total  nuclear  cross-sections  for  Ca 


Fig. 11  Integrated  cross-sections 
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Fig.  4.  The  deexcitation  gamma-ray  spectrum  obtained  with  a 570  g natural  Ca  target  at  a bremsstrahlung  end-point  energy  30.25  MeV. 
The  gamma-lines  belonging  to  deexcitations  of  39K  and  MCa  are  indicated  in  the  diagram. 
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FIG.  5.  Phase-shift  calculation  of  the  inelastic  elec- 
tron scattering  form  factors  for  40Ca  using  a Fermi 
charge  distribution  (model  3).  (a)  3'  (3.737-MeV)  level. 

Solid  curve:  Best  fit  form  factors  based  on  the  present 
data  plus  the  data  of  Refs.  16,  18,  and  28.  Dotted  curve: 

Form  factors  calculated  from  the  parameters  given  in 
Ref.  16.  •,  present  data.  T,  data  of  Ref.  16.  x,  data 
of  Ref.  18.  ■,  data  of  Ref.  28.  (b)  2*  (3.904-MeV)  level. 

Solid  curve:  Best  fit  form  factors  for  the  present  data 
plus  the  data  of  Ref.  16.  Dotted  curve:  Form  factors 
calculated  from  the  parameters  given  In  Ref.  16.  •, 
present  data.  A,  data  of  Ref.  16. 
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*)  Obtained  by  detailed  balance  from  the  3tAr(a,ya)*°Ca  90"  differential  cross  section  shown  in 
fig.  2.  assuming  an  angular  distnbution  of  the  form  sin20. 

*)  Obtained  by  detailed  balance  from  the  3,K(p.y0)*0Ca  90°  differential  cross  section  shown  in 
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TABLE  HI.  Measured  and  calculated  main  decay  modes  of  GDR  la  *°Ca.  Present  results  are  underlined. 


Reaction 


Residual  nucleus 

Dominant 

Energy  and  spin  of  shell-model 
the  residual  state  hole  conflg. 


Integrated  cross  sections  relative  to  the 
Integrated  total  absorption  cross  section  (%) 

Coupled-channel  Eigenchannel  Bound  state 
Experiment  calculation*  calculation13  calculation* 


fy.Po) 

0 MeV;  j\3,K 

21 

53 

45 

fy.*o) 

0 MeV;  j*,”Ca 

W3/i> 

8 i 

20 

14 

24 

ly.PO 

2.S3;  JV’K 

10.5 

9 (2.5*) 

25 

(Y.n  t) 

2.47;iVJCa 

(ZSt/7) 

3.5 

2 

4 

9 

<v.p) 

2.82-4.08. “K 

10.6 

(Y  .p) 

4.93-8.0, 3,K 

34f 

14 

11 

(y.n) 

5.11—6.13;  l* , MCa 

“j  n> 

2 

2 

1 

67 

1 Reforence  27.  Theoretical  integrated  total  absorption  cross  section  is  a sum  of  the  lp-lh  reaction-channel  cross 
sections  calculated  with  absorptive  potential. 
b Reference  28. 
c References  36,  42. 

* Reference  20.  assuming  angular  distribution  of  (y.p,)  as  obtained  in  the  present  work. 

* The  figure  in  parentheses  represents  the  part  of  Integrated  cross  section  in  the  region  of  the  giant  resonance. 
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Figure  1.  Excitation  functions  for  the  (■/,  *0)  reaction  obtained  from  a capture  data, 
using  the  principle  of  detailed  balance.  The  data  shown  in  (a)  and  (/)  are  from  Meyer- 
Shutzmeister  ct  at  (1963).  Those  in  (b)  are  from  Watson  et  at  (1973).  The  relative 
experimental  errors  are  approximately  ± 10%.  The  absolute  errors  are  ± 25%. 
The  broken  curves  are  the  results  of  calculations  (see  text).  The  vertical  lines  indicate 
the  relative  errors  due  to  uncertainties  in  the  total  photonuclear  cross  sections  where 
they  are  greater  than  ± 10%.  The  crosses  indicate  the  energies  at  which  transmission 
__  coefficients  were  calculated. 
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TABLE  I.  Parameters  for  the  solid  curves  a in  Fig. 
1 (ld3/?>  2s1/:>  1 d,,*,  and  1 p states)  and  for  the  dot- 
dashed  curves  in  Fig.  2 (Is  state). 
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FIG.  2.  Data  obtained  in  run  II.  Superimposed  curves 
are  radiative  (e.e'p)  cross  section  (dashed  curves)  and 
multiple  collision  background  (dotted  curves);  Is  con- 
tribution ^dot-cashed  curves);  sum  of  all  the  contribu- 
tions (solid  curves). 
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Fig.  2.  Total  photonuclcar  cross  section  for  natural  L>-  The  error  ban 
indicate  one  standard  deviation  of  counting  statistics  from  the  main 
spectrometer.  The  dashed  lines  along  the  abscissa  indicate  the  uncertainty 
due  to  counting  statistics  in  the  normalizing  spectrometer.  Oscillations  of 
the  base  line  within  this  area  are  possible,  the  period  of  these  oscillations, 
however,  must  not  be  smaller  than  10%  in  photon  energy.  The  dashed 
and  dotted  lines  through  the  cross  section  values  have  been  drawn  to  guide 
the  eye. 
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Fig.  2.  Mean  absolute  cross  section  of  "F  photoproduction  v s ihe 
target  mass  number.  Open  triangle:  energy  range  0- 1 5-0  'T.  GeV, 
Ref.  (IS).  Filled  circle,  energy  range  OO-l  GeV.  Ref.  [}].  Open 
circles:  present  work.  The  curse  has  been  calculated  oy  means  of 
Eqn(l). 
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Fig.  3.  Mean  absolute  cross  section  of  ”Na  photoproJuctior  " 
the  target  mass  number.  The  curve  has  been  calculated  by  means 
of  Eqn  ( 1). 
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Fig.  4.  Mean  absolute  cross  section  of  “Na  photoproduetton  w 
the  target  mass  number.  Filled  circles:  energy  range  0 f-l  GeV. 
Ref.  [20].  Reversed  open  triangle:  energy  range  0-3-1  GeV.  Ref. 
[8].  Open  triangles,  energy  range  O-25-l  GeV,  Ref.  (191.  Open 
circles:  present  work.  The  curve  has  been  calculated  by  means  of 
Eqn(l). 


Table  2.  Cross-section  per  equivalent  quantum  s-g(M-b)  of 
photoproducuon  of  ’F 


Bremsstrahluaf  maximum  energy  E^iGeV) 
Target  


nucleus 

0-30 

0-40 

0 55 

0-75 

1 00 

”Na 

590  = 30 

640  = 30 

720  = 30 

780  = 30 

830  = 30 

nAJ* 

116  = 7 

172  = 6 

202  = 6 

245  = 5 

270  = 5 

“Si 

80  = 10 

110=10 

145  = 10 

1'0  = 10 

200=10 

.:p 

60=10 

90=10 

130=10 

150=10 

180=10 

”S 

55  = 10 

90=10 

125  = 10 

160  = iO 

190=10 

>,J,C1 

185  = 20 

230  = 20 

270  = 20 

310  = 20 

350  = 20 

“K 

35  = 5 

50  = 5 

65  = 5 

75  = 5 

90  = 5 

“Ca 

5 = 2 

20  = 3 

35  = 5 

45  = 5 

60  = 5 

•The  results  for  nAI  have  already  been  published  (see(3D  and 
are  reported  for  comparison. 
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Table  3.  Cross-section  per  equivalent  quantum  crg(>ib)  of 
photoproduction  of  “Na 


Bremsstrahhmg  maximum  energy  E,  (GeV) 
Target  ■ ■ ■ ■ - 


nucleus 

0 30 

040 

0-55 

0-75 

100 

rAl 

490  = 20 

560  = 20 

667  = 20 

690  = 20 

745=20 

“Si 

290  = 20 

330  = 20 

380  = 20 

430  = 20 

470  = 20 

"? 

230  = 20 

250  = 20 

290  = 20 

330  = 20 

350  = 20 

ns 

206=  10 

2-10=10 

280=  10 

320=  10 

350=  10 

1!J,CI 

230=10 

260  = 10 

290  = 10 

320  = 10 

350  = 10 

rv 

30  = 3 

50  = 5 

65=5 

80  = 5 

100  = 5 

"Ca 

5 = 2 

20  = 3 

45=5 

60  = 5 

60  = 5 

Table  4.  Cross-section  per  equivalent  quantum  n-gOab)  of 
photoproducuonof  “Na 


D I Bremsstrahlung  maximum  energy  £„  (GeV) 

Target  


nucleus 

0 30 

040 

055 

0-75 

1 00 

-'Al* 

370=  10 

440=10 

500  = 20 

550  = 20 

660  = 20 

“Si 

100  = 10 

140  = 10 

160  = 10 

210  = 10 

240=10 

"P 

100  = 20 

160  = 20 

200  = 20 

270  = 20 

310  = 20 

,:S 

120=10 

160  = 10 

180=10 

210=10 

240  = 10 

‘'"'Cl 

65  = 10 

100  = 10 

140  = 10 

190=10 

220=10 

II 

P, 

35  = 5 

55=5 

65  = 5 

80  = 5 

12  = 3 

25=5 

35=5 

50  = 5 

60=5 

•The  results  for  "Al  have  already  been  published  Uee(8])  and 
are  reported  for  comparison. 


Table  5.  Mean  absolute  cross-section  ts,(si b) 
in  the  energy  range  0 3—1  GeV 


Target 

nucleus 

Produced  radionuclide 

“F 

“Na 

“Na 

"Na 

190  = 30 

rAl* 

120  = 10 

200  = 20 

220  = 20 

“Si 

100  = 10 

150  = 20 

120  = 10 

”P 

100=10 

100  = 20 

130  = 20 

«s 

110=10 

120  = 10 

100=  10 

’’-"Cl 

135=20 

100  = 10 

130=10 

”K 

45  = 5 

60  = 5 

50  = 5 

-Ca 

46  = 5 

60=5 

40  = 5 

The  results  for  the  photoproduction  of  "F 
and  “Na  from  nAl  have  already  been 
published  (Ref. (3)  and  (8).  respectively). 
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cross  section  (closed  circles),  theoretical  background 
(full  line),  and  phenomenological  background  (open 
circles). 


FIG.  1.  The  spectra  of  4,Ca  at  various  momentum 
transfers  The  El  (thick  solid),  E 2 (dash-dotted) 
£3  (dashed),  and  the  sum  (thin  solid)  as  well  as  the 
underlying  background  (smooth  line)  are  shown. 
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TABLE  II.  Values  of  B(EL)  and  |Af(0)  |2  and  the  per- 
centage of  the  isoscalar  energy -weigh ted  sum  rule 
(EWSR).  The  errors  are  *15%  and  -30%. 


E, 

(MeV) 

L 

B(EL) 

(I’fm22-) 

Percentage 
of  EWSR  (T  = 0) 

10-13 

2 

72 

8.2 

0 

117 

12.6 

3 

2.97  x 10J 

6.3 

13-16 

2 

144 

20.6 

0 

235 

31.7 

3 

2.93  x 105 

7.9 

16-19 

2 

148 

25.6 

0 

241 

39.4 

3 

2.71  x 103 

8.8 

19-22 

2 

57 

11.6 

0 

93 

17.8 

3 

2.43-  103 

9.2 

22-25 

2 

0 

0 

3 

1.03  x 103 

4.4 

10-25 

2 

421 

66 

0 

688  1 

102 

3 

1.21  x IQ4 

36.6 

* |.Vf(0)  |2=  | <£i  I2  in  f<n4 
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FIG.  3.  Eneiy  spectra  of  protons,  EjpdX  m 300  MeV,  9|,b  » 90 
> 7°.  Points:  "Si,  X-4^,  a-data  from 

ref.  5.  ‘-dntn  from  ref.  r>. 


FIC.  2.  Energy  spectrt  of  it*  and  »*  .mesons.  E^4*  ■ 400  MeV, 
tt[ab  ® 90  ± 7®.  The  points  are  the  same  as  in  Fig.  1. 


FIG.  S.  Dependence  of  yields  of  w 
mesons  1,  protons  2,  and  the  sum  of  r> 
meson  and  proton  yields  4 as  a function 
of  mass  number  of  the  nucleus.  The 
dashed  line  3 is  the  theory.  Points:  °— 
experimental  differential  cross  sections 
for  pions  of  all  signs,  a— differential  cross 
sections  for  protons  emitted  at  the  same 
angle  Slab  “ 90®,  o— combined  values  of 
these  differential  cross  sections.  The 
statistical  errata  are  shown. 


FTG.  4.  Energy  spectn  of  protons,  E^14*  » 400  MeV,  d'ub  ■ 90  t 7®. 
The  points  are  the  same  as  in  Fig.  1 ; 3— data  from  ref.  7. 
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FIG.  2.  Yield  values  and  the- 
oretical values  according  to  the 
modified  RudsLim  formula  as 
a fuoctioa  ot  the  target  charge 
number  Zt.  Points:  • — ex- 
periment, o — theory. 


TABLE  I.  Experimental  yields  and  reaction  cross  sections  ob- 
tained In  the  measurements  at  the  Erevan  electron  accelerator. 


T*/«ct 

nucleus 

Reaction  yield,  mb 

Reaction  cron 
tecuoa.  mb 

E,  G.V 

2 

- 

4 1 ‘-s 

s 

*r.u 

0.8t  ±0.08 

0 87 

0.87 

0.o;2!3±0.0.i43 

■‘Si 

0.27±O  02 

o.a 

0.29 

0 0287=0  013 

,:s 

0.24r0  02 

0.12 

n:7 

0.0323  =0.0135 

Cl 

o.;8±o  xi 

0.30 

O.JS 

- 

•'K 

0 l±00t 

0 123 

0.15 

0.08=0,0238 

•'Ca 

0086  = 0.0| 

0 09 

0.115 

O.OSo^O.UtnJi 

- V 

0 083 -u02 

0 094=0.02 

- 0.02 

0.^2  ±0  023 

0019 

‘sMn 

0"79a0.O2 

v uT.o  OJ 

r.  0*7*0.017 

now  *0.015 

O.Oto;8=OC03« 

Cu 

0029*"  O'* 

0.037  *0.0u7 

u."  lGiG.007 

i-.034r3.C07 

0 0U547 ±0.0023 

Xore  The  reaction  cross  sections  have  been  calculated  in  the  1 /'£ 


approximation  of  the  bremsstrahlung  spectrum. 
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The  yields  of  the  reactions  't0Caf/,  p»)38sK  and  acCa(;,  3p  3>i)3'lmCl  have  been  measured 
by  the  activation  method  in  the  energy  range  80-800  NleV.  From  the  measured  yields  the 
cross  sections  are  deduced.  The  experimental  cross  sections  aie  compared  to  calculations 
with  a cascade-evaporation  model  for  photo-induced  reactions. 
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Fig.  2.  The  measured  yield  of  J*”CI  as  a function  of  the  maximum 
tjren'."tral’.lung  energy 
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Fig.  3.  The  cross  section  for  as  a funet.on  ol  photon  encrg> 

The  present  result  is  given  by  the  solid  curse.  The  results  in  Re  3 3 
and  5 are  given  by  thj dashed  curve  and  epe-.-d  circles  respectively. 

Filled  circles  are  calculated  values 
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Fig.  14  Momentum  distribution  from  40Ca(e,  e p);  (a)  7.5  i £ S 9 MeV.  fb)  9.5  i £ S 12  MeV, 
(c)  12.5  £ £ g 20  MeV,  (d)  20  £ £ g 40  MeV  and  (e)  40  £ £ £ 70  MeV.  The  solid  line  represents  the 

DWIA  calculation. 


Fig.  13.  Missing  energy  spectra  from  *?Ca(e.  e p);  (a)  0 g P £ 60  MeV  c.  (b)  60  £ P ^ 108  MeV/c 

and  (c)  124  g £ £ 160  MeV  c. 
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Abstract:  Information  on  proton  hole  states  has  been  obtained  for  J*AI.  *eCa  and  Sl  V through  the  (e.  e'p)  *SEPARATION  ENERGY 

reaction  Lower-lying  hole  states  have  been  identified  For  *,Ca  an  extensive  analysis  has  been  ™ _______ 

performed  to  study  the  structure  of  the  Is  hole  state  For  :'AI  and  " V.  the  properties  of  the  Is  hole 
states  have  also  been  determined.  The  separation  energies  of  the  Ip  and  Is  states  seem  to  oe 
constant  (40  ar.d  60  MeV,  respectively)  for  .4  > 30. 
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Fig.  I a.  Proton  separation  energy  spectra  for  *°Ca.  The  contribution  from  each  proton  hole  state  is  shown 
by  the  dashed  curves.  In  the  separation  energy  region  corresponding  to  run  II,  the  result  of  fit  A is  shown 
The  dot-dashed  curves  are  the  contributions  from  all  sutes  other  than  Is,  including  the  radiative  effects. 
The  hatched  histogram  is  the  multiple-collision  background. 


Fig.  3.  The  proton  separation  energy  spectra  in  the  Is  region  after  subtraction  of  the  contributions  from 
the  2s,  Id  and  Ip  state*.  The  Is  contribution  is  clearly  evident.  The  solid  curves  show  the  result  of  fit  A 

(see  text). ' 
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Fig.  lb  Recoil  momentum  distributions  for  40Ca.  The  curves  are  as  in  fig.  la. 


Table  6 


Results  of  the  PWIA  analysis 


Nucleus 

2 

2, 

Peak 

energy 

(MeV) 

Width 

(FWHM)*) 

(MeV) 

Oscillator 
const 
(MeV  e) 

17A1 

2s 

O.I2±OOl 

14.3  ±0.2 

4±  3 

82±4 

Id 

1.6  ±0.1 

14.0  ±0  6 

12±  2 

91  ±i 

lp 

2.4  ±0.2 

34  ±1 

31  ± 3 

100±l 

Is’) 

57  ±3 

31  ± 9 

|48±4 

*cCa 

1 

1.1  ±03 

10  9±0.7 

9£  1 

*6  ±4 

2s 

0.9  ±0.1 

14  4±0.3 

13±  1 

83  ± 3 

Id,,, 

1.5  ±03 

1 9.0  ±1.1 

I0±  1 

•t 

II 

f6 

o 

>P 

1.8  ±0.4 

35  ±1 

21  ± 3 

85  ±3 

ls‘) 

59  ±3 

34±  10 

1 44  ± 6 

>'V 

If 

0.4  ±0.1 

10.3  ± 1.1 

5 ± 3 

U5±8 

2s 

0.3  ±0.1 

15.1  ±0.2 

5 ± 2 

99-5 

Id 

1.7  ±0.3 

19  5 ±0.5 

19  ± 2 

94  ± 6 

IP 

1.1  ±0.1 

40  ±1 

25  ± 4 

91  ±4 

Is') 

60  ±3 

36  ± 1 1 

143-4 

The  errors  are  statistical  only  except  ror  those  assigned  to  the  peak  energies  and  widths  for  the  1 » states. 
-i  The  experimental  energy  resolution  ( =s  7 MeV)  is  not  unfolded. 

■i  Perimeters  were  determined  from  the  fit  to  the  data  of  run  II. 
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TRANS  3-Q  CONST 


Measurements  of  average  separation  energies  and  of  Fermi  momenta  for  i0Ca.  and  49Ca 
are  reported.  Evidence  for  the  possible  existence  of  “bump"  structure  in  the  quasi-elastic 
scattering  of  electrons  from  48Ca  is  also  presented. 


Fig.  1.  Quasi-elastic  spectrum  obtained  from  *°Ca  at  fq| » 500  MeV/e 
and  a scattering  angle  of  120’.  The  smooth  curve  is  the  theoretical 
spectrum  of  the  Moniz  Fermi-gas  model.  The  errors  indicated  at 
large  energy  loss  are  primarilv  due  to  the  radiative  corrections 
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Fig.  2.  Measured  yields  <r,  for  reactions  leading  to  the  2 47  MeV  state  in  3,Ca  (circles)  and  the  2.52  MeV 
state  in  J,K  (squares).  The  solid  curves  show  low  energy  and  pion  contributions  fitted  to  the  experimental 

points  as  described  in  text 


Table  I 

Experimentally  determined  mean  yields  in  the  energy  range  100-750  MeV  and  thresholds  for  different 

one-nucleon  removal  channels 


Final  state 


Emitted  particle  (mb  eq  q ) Threshold  (MeV) 

E*  (MeV)  r 


2.47 

r 

ni 

1 2 + 0 2 

18  2 

2 52 

r 

Pi 

3.7+0  4 

10.3 

2.79 

r 

"i 

0 2 + 0 1 

18  5 

2.81 

r 

Pi 

1.2+0  3 

III 

3 02 

r 

ni 

11+04 

18  7 

3 01 

r 

Pi 

II  3 

Table  2 


Comparison  between  the  present  one-nucleon  yields  and  results  from  experiments  at  lower  bremsstrahlung 

end-point  energies 


Expenment 

MeV) 

Relative  yields 

Pi 

"i 

Pi 

(n,  + p,) 

present  work 
ref  ') 
ref  ‘) 

100-750 
30  25 
32 

0.32  ±0  06 
0 31  +004 
0 28+0  14 

I 

1 

1 

0 05  +0  03  0.32  + 0.09 

0 05+0.04  0.29+0.04 

0 26 ±0. 1 3 

0.30  + 0 11 
0.25  ±0.04 
0.12  + 0 06 

'OHM  N8S-41S 
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Pbotonuclear  reaction*  in  the  target*  ,TA1.  "Si.  "P.  "S.  and  *°Ca  have  been  studied  for  maximum  . 

brenmtrahlung  energies  of  2.  2.4.  3,  and  4.3  GeV  The  yield*  of  the  residual  nuclei  ’Be.  “C,  "N,  “F,  *GEV  5=4.5  Gc.V 

aNa.  and  !‘Na  were  measured  by  mean*  of  a germanium-lithium  semiconductor  detector  with  a sensitive 

volume  of  30  cm1.  In  discussion  of  the  results  we  took  into  account  the  contribution  of  the  low  energy  put 

of  the  bremsstrahlung  spectrum.  Comparison  of  the  measured  yields  with  estimates  ^inilaitl  by 

Rudstam  s formula  permitted  us  to  conclude  that  there  is  a difference  in  the  mechanism  of  formation  of 

the  light  fragments  ’Be,  "C,  and  l3N  from  that  of  the  other  residual  nuclei  "F.  uNa.  and  !,Na. 
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FIG.  1.  Yields  of  the  isotope  l,Na  frota  targets  of  Al,  Si,  and 
Ca.  x— Data  of  Ref.  4,  O— data  of  Ref.  2,  V— data  of  Ref.  6, 
o— data  of  Ref.  10,  e— data  of  the  present  work.  The  dashed 
lines  show  the  contributions  of  the  low  energy  part  of  the  brems- 
strahlung spectrum  to  the  yields  of  the  reactions  Al  — I4Ns,  SI 
—,4Na  according  to  the  data  of  Ref.  4 and  the  results  of  the 
calculations  of  the  present  work. 


FIG.  2.  Yields  of  ]INa  from  targets  of  Al,  Si.  and  Ca.  The 
hollow  symbols  show  the  data  of  Ref.  2,  and  the  solid  symbols 
the  data  of  the  present  work.  The  lines  indicate  the  results  of 
the  calculations  of  the  present  work,  which  determine  the  con- 
tribution of  the  low-energy  part  of  the  bremsstrahlung  spectrum 
to  the  yields  of  the  reactions  Al  — nNa  and  SI  — llNa  for  2 GcV 
s£rais4.S  GeV. 
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The  isospm  forbidden  clectrocxcitation  of  the  1',  T=  0 state  a;  6.95  MeV  in  40Ca  has  been  investigated  for  mo- 
mentum transfers  q = (0. 1 8 -0.5  1)  fm  1 The  longitudinal  form  factor  exhibits  a minimum  at  q - 0.19  fm"*  indicat- 
ing a destructive  interference  of  the  isoscalar  and  isovector  parts.  This  behaviour  is  reproduced  by  a continuum  shell- 
model  calculation.  A description  of  the  transverse  form  factor  leads  to  an  effective  proton  charge  of  0.5  for  the  ±T 
= 0 convection  current. 


Fig.  1 . Spectra  of  inelasrically  scattered  electrons  from  an  en- 
riched (99  97T)  40Ca  target  at  three  different  momentum 
transfers.  The  counting  rate,  normalized  to  one  detection 
channel  and  l rnC  v..f  collected  team  charge,  is  plotted  as  a 
function  of  excitation  energy. 
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Fi*.  2.  Differential  cross  sections  for  the  excitation  of  the  l~, 
T « 0 state  at  6.9  5 MeV  in  ^Ca  as  a function  of  scattering 
angle  at  different  energies  (uppeT  part).  The  lower  put  shows 
the  absolute  value  of  the  longitudinal  form  factor  as  a 
function  of  qJ.  The  theoretical  ratios  of  longitudiritf  to  trans- 
verse cross  sections  were  used  to  eliminate  the  transverse  con- 
tributions. Besides  the  present  measurements  at  the  DALINAC 
the  value  calculated  from  the  lifetime  (9)  is  indicated.  The 
full  lines  represent  the  results  of  the  continuum  shell-model 
■ calculation.  Here,  do/dn  and  IFlI  1 were  scaled  by  a factor  of 

0.81 . The  dashed  line  was  obtained  by  a least-squares  fit  of  eq. 
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Abstract:  The  strengths  of  the  isospin  forbidden  El  ground-state  transitions  from  the  1 *,  6.95  MeV 
state  of  '“’Ca  and  the  1 ",  7. 12  MeV  state  of  ; ‘O  were  determined  in  ay-ray  resonance  scattering 
experiment;  the  partial  widths  are  r3  = C.-i  —0.05  eV  and  0.06—0.01  eV,  respectively.  The 
results  are  in  good  agreement  with  previous  determuaitions,  confirmutg  the  unusually  large 
strengths  of  these  El  transitions.  Tn  addition,  the  widths  of  the  2',  6.91  MeV  state  of  40Ca 
and  the  2 4 , 6.92  MeV  state  of  “0  were  measured  as  = 0.13  =0  05  eV  and  0.094=0.010  cV, 
respectively. 
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Widths  of  i0Ca  states 
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r0/r 

this  work 

ref.  6) 

this  work 

ref.  6) c) 
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2 + 
l- 
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0.41  =0.08 
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Experimental  data  on  the  (v,p)  reaction  at  E ^ = 60-100  McV  tor  targets  in  the  ranged  = 7-93  are  compared  with 
predictions  based  on  a single-particle  knock-out  mechanism  unns  shell  model  w avct'unctions.  The  results  show  that  this 
mechanism  is  more  important  than  has  generally  been  believed 


60  65  70  75 


Proton  Energy  (MeV) 

Pig.  1.  The  experimental  proton  spectrum  at  45°  from  40Ca 
produced  by  80  MeV  bremsstrahlung  is  shown  as  circles.  The 
ratio  of  the  calculated  and  experimental  spectra  was  obtained 
by  a least-squares  fitting  procedure.  The  calculated  proton 
spectrum,  normalised  by  this  ratio,  is  shown  as  a line. 


Fig.  2.  The  ratio  of  the  measured  photoproton  emission  pop- 
ulating low-lying  states  to  the  single-particle  direct  knock- 
out predictions  is  shown  as  a function  of  nuclear  mass  ,4  for 
80  MeV  bremsstrahlung.  Errors  in  the  ratio,  due  to  uncertainties 
in  our  calculations,  are  estimated  to  be  a factor  of  » 1.5.  Er- 
rors in  the  experimental  data  are  negligible. 
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Abstract:  Monopole  transitions  from  the  0*  ground  states  to  0,  excited  states  at  3.353  MeV  (",Ca>. 
1.837  MeV  ('"Ca).  1 884  MeV  (*4Ca)  and  4 272  MeV  (4*Ca)  have  been  investigated  with  high 
resolution  inelastic  electron  scattering  (FWHM  ^ 30  keV)  at  low  momentum  transfer  (0.29  g q 
g'0.53  fm"*).  The  respective  monopolc  matrix  elements  are  2.53  + 0.41  fm1.  5.24+0.39  ftnJ. 
5.45  + 0.41  fm2  and  2.28+0.49  fm2.  These  results  are  used  together  with  known  ground  state 
charge  radii  and  the  average  number  of  holes  in  the  sd  shell  in  the  ground  state  to  estimate  the 
number  of  particle-hole  excitations  in  the  wave  functions  of  the  excited  O*  states. 


Fig.  3 Extrapolation  of  the  measured  fl(C0.  </)  values  (dots)  to  q » 0 with  the  two  parameter  expression 

ofeq.  (I). 
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Elastic  and  inelastic  cross  sections  (d a dQ>„  (I0'J  fm:  srl  and  (d<?  dfl)  (10"’  fm*  sr).  respectively,  and 
DW9A  correction  factors  /c  for  the  monopole  transitions  studied 


Nucleus 
E,  (M'lV) 

0 (deg) 

q1 

(drr  dO)f, 

(dtr.dfl)^, 

/. 

*°Ca 
3 353 

59  76 

128.9 

0.282 

4 52 

2.91  (6.5) 

1 46 

54.73 

140.9 

0.256 

3.11 

1.95  (11.7) 

1.53 

54  70 

116.9 

0 210 

14  65 

4 84  ( 8.9) 

1 55 

33  67 

128  9 

0.086 

40  70 

2.47  (34.7) 

1 91 

*JCa 

1.837 

5.4  73 

140.9 

0 263 

3 05 

6.53  (5.8) 

l 48 

54  70 

116.9 

0 215 

14  21 

2051  (4  3) 

1.51 

54  70 

92.9 

0.156 

64  99 

45.23  (3  9) 

1.54 

“Ca 

1 884 

54.73 

140  9 

0 263 

3 15 

6.44  ( 7 3) 

1.47 

54.72 

1 16  9 

0.215 

1483 

20.91  (4.0) 

1 50 

54  72 

929 

0.156 

66  24 

45.39  (3.5) 

1.53 

«Ca 

4.272 

54.73 

1409 

0 252 

2 99 

I II  (30.8) 

1 46 

54  73 

1 16  9 

0 206 

14  20 

3.09  (5.6) 

1.49 

54  73 

92  9 

0 149 

64  09 

7 38  (13.4) 

1.53 

The  values  in  parentheses  denote  the  statistical  error  of  the  cross  sections  in  percent. 
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Results  ol  the  present  le.  e ) experiment  lor  monopole  mjtriv  elements,  transition  radii  jnd  pair  decay 
widths  together  with  results  from  other  experiments  .md  theoretical  predictions 
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\1E  (fm:i 

R,,  dm) 

f,  (;ieV> 

Exp 

Theory 

'"Cd 

36  rl  1 

6 3 

0 37  *0  23 

(e.  e ) J) 

0 21  ±0  01 

") 

2 6 r0  1 

<P  P VI  "I 

2 44 

5 53 

') 

2.53  —041 

6 I r 0 v 

0 1 s - 0 06 

this  work 

i:Cj 

5 93  ±0  52 
5 58 

(P-  P .)  ‘1 

') 

4 19  • 

5 24 ±0  39 

6 3 ± 0 4 

0 016  ± 0 002 

this  work 

'I 

“Ca 

5 39  ± 1 79 

Ip.  P ; l '» 

5 56 

li  p.)'  •) 

5 45  ±0  41 

6 5 ±0  4 

0 021  ±0  003 

this  work 

^Ca 

1 52  ±0  07 

lp  P V)  “I 

2.28±0  49 

6 8±  1 4 

0 63  ±0  27 

this  work 

*)  Ref  1 1 1 

“)  Ref  ,J> 

■1  Rcl  “l 

) Ref  ')  ')  Ref  ■*) 

')  Ref  "|. 

•)  Ref.  n>. 

3W.J.  Gerace  and  A.M.  Green,  Nucl . Phys.  A93,  110  (1967); 
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Abstract:  Monopole  transitions  from  the  0*  ground  states  to  02  excited  states  at  3.353  MeV  (40Ca), 
1.837  MeV  (4,Ca).  I 884  MeV  (44Ca)  and  4.272  MeV  (4'Ca)  have  been  investigated  with  high 
resolution  inelastic  electron  scattering  (FWHM  « 30  keV)  at  low  momentum  transfer  (0.29  £ q 
g 0.53  fm'1).  The  respective  monopole  matrix  elements  are  2.53+0.41  fm1,  5 24  + 0 39  fm2. 
5.45+0.41  fm2  and  2.28+0.49  fm2.  These  results  are  used  together  with  known  ground  state 
charge  radii  and  the  average  number  of  holes  in  the  sd  shell  in  the  ground  state  to  estimate  the 
number  of  particle-hole  excitations  in  the  wave  functions  of  the  excited  0*  states. 


NUCLEAR  REACTIONS  40  42  44  “Cate,  e ).  £ = 31-67  MeV;  measured  aiE:E,.0). 
4U  42  44  4,Ca  0*  level  deduced  E0  matrix  elements.  Shell  model  calculation. 
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Fig.  3.  Extrapolation  of  the  measured  fl(CO.  q)  values  (dots)  to  q = 0 with  the  two  parameter  expression 

ofeq.  (I). 


Fig.  4.  The  determined  monopole  matrix  elements  as  a function  of  mass  number  for  the  four  Ca  isotopes. 
The  line  which  connects  the  experimental  points  has  no  theoretical  significance. 
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Deep-inelastic  electron  scattering  data  from  40Ca  were  obtain: : a:  several  bombarding  energtes  and  a 160°  scattering  QUASI -ELASTIC 

angle  at  the  Bates  Linear  Accelerator.  The  data,  and  calculations  Justrate  two  processes  which  may  contribute,  are  pre- 
sented. 


See  further  analysis  of  this  data  in  reference  79Zil 


e 40r,  , i icri0  enterin  ' anele  versus  energy  lost  by  the  electron.  Figures  a.  b,  c show  data  taken  at 
^ }■  d^rener^esTnVo  200  and  -0  Me  V,  respectively.  The  dashed  Unes  represent  the  quasi-elastic  contribution  calculated 
^Th  H o S model  the  dotted  Unes  represent  the  MEC  contribution;  the  solid  lines  are  the  same  of  these  two  terms.  The 
sum  and  MEC  calculations  have  not  been  continued  bey  ond  pion  threshold;  the  one-body  calculation  has  been  conttnued  to  the 

ends  of  the  plots. 
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An  unusually  strong  magnetic  dipole  transition  from  the  ground  state  to  a state  at  Ex  = 10.319  MeV  in  40Ca  has  been 
observed  tn  high-resoluuon  inelastic  electron  scattering,  contrary  to  expectations  from  the  pure  independent  pi  id^hell 
modcL  The  transition  itianph.  how...,,  can  b« accountad fo,  by  cotaan, spu,-mp  ttansttL „u.  ,7,,,™, pound-™. 


Fig.  2.  Angular  dependence  of  the  cross  section  at  constant 
momentum  transfer  q = 0.39  fm'1.  The  quantities  on  the  axes 
are  defined  in  the  main  text.  The  slope  of  the  angular  distribu- 
tion is  compatible  with  zero,  i.e.  with  a pure  transverse  transi- 
tion. 


Fig.  3.  Square  root  of  the  reduced  transition  probability  as  a 
function  of  q2.  The  extrapolation  of  the  fitted  curve  through 
the  data  points  to  the  photon  point  q * Jt  * t'xlhc  yields  the 
S(M1)  transition  strength. 
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The  search  for  magnetic  dipole  transitu  ns  from  the  around  state  of  ’lie  even-even  Ca  isotopes  to  high  tying  Jn  = l* 
states  by  means  cf  low  momentum  transter  but  high  resolution  inelastic  electron  scattering  is  described.  The  previously 
detected  strongly  excited  Jn  = \ * state  a;  £\  = 10.31  <3  V.cV  [SfM  i 1 f = 1 .1  2 r 0.27  ] ln  40Ca  has  been  confirmed,  but 

- contrary  to  the  expectations  of  the  mdcpendent  oarticle  shell  model  - only  a fairly  weak  Ml  transition  is  observed  in 
4'Cj  (f  x = 11.235  MeV,  fl(M  1)  f = 0.59  - 0 u and  none  in  44  Ca  between  £\  = 8.2- 1 2.2  MeV.  in  48Ca,  ho w aver, 
a very  strong  Ml  transition  (S(MI ) ‘ = 4.0  ; 0.3m^|  to  a single  state  at  L\  = 10.227  MeV  has  been,  discovered. 


’cr 

h 

4 

4 

5r 


C 

3 

o 

o 


°Ca(e,e) 
t;  = 39Mev 
e =155* 


‘“Co  i s.e' ) 


j2Ca!e,e'l 


4CCa  (e.e'J 


A-»V' 


9 ’O  n '2 

Excitation  Energy /MeV 


Tic.  1.  Hiah-resolution  inelastic  electron  scattering  spectra  of 
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The  absolute  slreneths  of  ihe  1''Kip.yr‘l1Ca  resonances  at  E0  - 1 130.  1344.  and  3043  keV  have 
been  determined  to  be  S..m  - 1.6  ± 0.2.  4.1  ± 0.5.  and  14.3  ± 13  eV.  respectively.  Relative 
strengths  were  measured  for  resonances  in  the  range  0.7  < E0  < 2.9  MeV.  The  astrophysical 
reaction  rates  of  hvdroeen  burning  of  "K  in  explosive  oxygon  burning  in  the  stellar  temperature 
region  of  T = ( 1 .0-7  0)  * IU'*  K are  compared  with  Hauser-Feshbach  calculations.  The  effect  of 
the  revised  reaction  rates  on  me  '*K  abundance  is  discussed. 


9.43,  10.32  MeV 


On  a determine  que  les  forces  absoiues  des  resonances  wK(p  Y>40Ca.  pour  E„  = 1130.  1344  et 
3043  keV  avaient  respectivement  les  v aleurs  S m = 1 .5  ± 0.2.  4. 1 ± 0.5  el  14.3  ± 1 .3  eV  Les 
forces  relatives  etaient  mesurees  pour  les  resonances  dans  I mtervaile  0.7  < E0  < -.9  MeV.  Les 
vnesses  des  reactions  astrophysiques  de  fusion  i,K-hydrogene  au  cours  Je  la  combustion 
explosive  de  l oxygene.  dans  la  region  de  temperatures  stellaires  T = ( 1 .0-7.0)  x 10’  K sont 
compareesavec  les  calculs  Hauser-Feshbach.  On  discute  l etlet  des  valeurs  reviseesdes  vnesses 
de  reaction  sur  I'abondance  de  WK. 

[Traduit  par  le  joumall 
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Table  3.  bummarv  ot  the  angular  distribution  esuits  ana  comparison  with  previous  values 
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Values  of  the  form  factor  for  the  10.32  MeV  transition  in  *°Ca  have  been  measured  at  six 
different  low  momentum  transfers  corresponding  to  incident  electron  energies  between  31 
and  63  MeV  and  scattering  angles  of  127.8*  and  162.4*.  Analysis  of  the  data  shows  that  the 
transition  is  transverse  and  M 1.  Our  data  in  conjunction  with  that  of  earlier  workers  yield 
a value  of  1 1 = 4.82+0.26  eV  for  the  ground  state  transition  width.  It  is  shown  that 
in  the  low  momentum  transfer  range  covered  in  this  work,  q <0.53  fm~‘,  this  result  is 
essentially  model  independent.  Results  for  the  transition  at  9.86  MeV  state  are  also  dis- 
cussed. 
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NUCLEAR  REACTIONS  ^Cafe.e  ),  Fq  = 31 — 65  MeV;  measured 
da/dCl  at  0=127.8*.  162.4’;  deduced  mulipolanty  and  transition  width. 
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TABLE  I.  Values  of  cross  section  and  form  factors  squared  for  the  9.86  and  10.32  MeV 
transition.  The  % errors  apply  to  both  the  cross  section  and  the  form  factor  squared. 
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Eo 
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(fmVsr 

F2* 

Error 

(MeV) 

(fm*1) 

(MeV) 

(deg) 

X 10*“) 

X 10*‘ 

% 

9.86 

0.260 

30.93 

162.4 

0.613 

2.74 

10.6 

9.86 

0.336 

41.78 

127.8 

1.40 

8.50 

11.7 

9.86 

0.342 

39.12 

162.4 

0.647 

4.62 

17.1 

9.86 

0.442 

49.15 

162.4 

0.447 

5.04 

9.9 

9.86 

0.547 

59.59 

162.4 

0.307 

5.09 

13.6 

9.86 

0.546 

64.97 

127.8 

1.13 

16.6 

5.3 

10.32 

0.258 

30.92 

162.4 

1.34 

3.84 

6.6 

10.32 

0.334 

41.80 

127.8 

1.21 

5.31 

11.6 

10.32 

0.340 

39.12 

162.4 

1.03 

5.46 

13.3 

10.32 

0.440 

49.15 

162.4 

0.560 

5.23 

8.8 

10.32 

0.544 

59.60 

162.4 

0.290 

5.00 

14.5 

10.32 

0.544 

64.97 

127.8 

0.334 

4.73 

12.9 

The  form  factors  squared  for  the  9.86  MeV  transition  are  given  in  terms  of  Fl/Tt;  while 
those  for  the  10.32  MeV  transition  are  in  terms  of  Fr‘- 


9.86  AND  10.32  MEV  LVS 


FIG.  3.  Transverse  form  factors  squared  as  a func- 
tion of  the  momentum  transfer  q.  Experimental  points 
from  this  work  as  well  as  those  of  Ref.  4 are  plotted. 
The  solid  and  dashed  curves  Fitted  to  the  data  points 
correspond  to  oscillator  shell  model  form  factor  calcula- 
tions assuming  fm-fin.  and  dj/j—  d5/j  transition 
configurations  and  oscillator  parameters  6=1.84  and 
2.11  fm,  respectively. 
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Photop  rod  action  of  r°  mesons  off  targets  of  *Li,  IJC,  ^Si,  “Ca,  natural  Cd,  sad  natural 

Pb  was  studied  iming  a bremsstrahlung  beam  with  endpoint  energies  of  140,  143,  130,  and 
135  MeV.  Photoproductioo  from  a liquid  hydrogen  target  was  employed  as  a normahza- 

tion.  The  measured  yields  were  found  to  be  in  disagreement  with  published  theoretical  *MEV  ABOVE  THR 

cross  sections  for  4Li(>',fr0)*Li  and  also  in  disagreement  with  a simple  schematic  model 

which  assumed  only  coherent  contributions  from  the  A/l+.  multipole.  The  schematic 

model,  however,  did  approximately  predict  the  relative  magnitudes  of  the  yield  curves  for 

the  energy  range  14—20  MeV  over  threshold. 


NUCLEAR  REACTIONS  4Li,  12C,  :*Si,  “Ca.  Cd,  Pb,  (y,ir°); 
Et  — 140—135  MeV;  measured  <r,  test  of  reaction  model. 


FIO.  6.  The  experimental  and  calculated  yields  for 
(y.ir0)  off  a range  of  complex  nuclei.  The  data  were 
scaled  so  that  the  12C(y,ir0)IJC  experimental  yield  fit  the 
calculated  yield  at  9.7  MeV  over  threshold  (see  text). 
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Resonance  fluorescence  is  used  for  measuring  the  widths  of  13  levels  in  *°Ca  below  10.4  13  LEVELS  3.9-10.3  MEV 

MeV  among  which  nine  E 2 transitions  were  identified.  The  total  El  strength  of  those  nine 
levels  together  with  some  other  known  I*  levels  below  10  MeV  exhausts  — 22c/o  of  the  en- 
ergy weighted  sum  rule.  The  partial  and  total  widths  of  the  strong  .Vf  1 state  at  10.32  MeV 
are  compared  with  theory. 


P NUCLEAR  REACTIONS  “Caly,/),  £=8.5.  11.3.  11.7  MeV  brems- 
! strahlung.  Deduced  To,  f(£2).  f(.Wl).  Natural  target. 


TABLE  I.  Excitation  energies,  spins,  and  measured  widths  of  levels  in  '“Ca  photocxcited  in  the  present  work.  Aster- 
isks indicate  calibration  energies  taken  from  Ref.  9. 


E, 

(keV) 

Jr 

Present 

f 0 

(meV) 

r0/r, 
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To1 

(meV) 

Jr 

3 904.4+0.2* 

2* 

1.00 

13.4+0.8 

2+ 

5 628. 0±  1.0 

2* 

7*  3 

0.9  + 0.05' 

8.7+  2.4 

1* 

5 902.0+1.0 

l 

25+  5 

1.00 

11+4 

r 

6422.4-+  1.0b 

2- 

50+  6 

1.006 

6 909.1+0.3* 

2* 

190+20 

1.00 

160+3J 

2- 

6950.9+0.3* 

1 

450+  20 

1.00 

506  + 39 

r 

7 872.9+0.8 

2+ 

190+  17 

0.84  + 0.06 

>30 

2* 

8091.4+0.8 

2* 

150±  10 

1.00 

> 15 

2* 

8 113.4+1.3 

1 

12+  5 

1.00 

>30 

8 578.9+0.8 

2- 

94+  12 

1.00 

>20 

2* 

8 747.6+1.2 

2* 

65  ± 12 

1.00 

(1,2)- 

8 980.6+1.2* 

2- 

54+  10 

1.00“ 

9 866.0  + 2.0 

3600±  1450* 

0.0122' 

1360  + 250 

1 

10318.0  + 2.0 

1 

5500+  800 

0. 21  ±0.02f 

4740+300* 

1** 

•Reference  9. 

"This  is  a new  level  whose  To/T,  was  taken  to  be  1.00. 

This  value  of  To/T,  was  taken  from  Ref.  9. 

dThis  is  a new  level.  Another  level  at  8980  + 5 keV,  listed  in  Ref.  9 and  reported  to  have  Jw=(  5 — 7)*,  is  obviously  not 
identifiable  with  this  level. 

•Thu  r0  was  obtained  using  ro/T=0.0122  taken  from  Ref.  9.  Our  measurement  yielded  a value  of  r02/T,  of  44  + 18 
meV  to  be  compared  with  a value  of  16.6  + 5 .0  meV  deduced  from  Ref;  9. 

This  is  our  measured  value  and  is  reported  for  the  first  time. 

•Reference  5. 
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TABLE  III.  B(Ell)  values  and  the  percentage  of  transition  strength  in  units  of  the 
EWSR  in  ^Ca  as  measured  in  the  present  work.  Astensks  indicate  data  taken  from  Ref.  9. 
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3.59+0.21 

5.249 

2* 

1.28+0.33 

0.34+0.09 

5.630 

2+ 

1.53+0.65 

0.43+0.12 

6.422 

1* 

5.68+0.68 

1.82+0.22 

6.909 

2 + 

15.00+1.50 

5.17+0.52 

7.467 

2* 

3.52+2.10 

1.32+0.80 

7.873 

2* 

7.79+0.70 

3.07+0.27 

8.091 

2* 

5.36+0.37 

2.17+0.15 

8.579 

2* 

2.51+0.33 

1.08+0.14 

8.748 

2* 

1.57+0.29 

0.69+0.14 

8.981 

2* 

1.15+0.29 

0.52+0.12 

9.388* 

2* 

9.564* 

2* 

9.808* 

( 1.2* ) 

9.869* 

( 1.2- ) 

(I0.60t3.45)* 

(5. 23  ±1.70)* 

10-10 

> 22±2b 

This  level  was  reported  (Ref.  9)  to  have  ["0  = 0. 80  ±0.27  eV  Because  of  the  uncertainty  due 
to  its  large  strength,  it  was  not  included  in  calculating  the  total  EWSR  below  10  MeV. 
bln  calculating  this  total  strength,  the  fl(£ 2i>  value  for  each  of  the  levels  at  9.388.  9.564, 
and  9.808  MeV  was  assumed  to  be  0.7  ?;fm4.  With  such  a transition  strength,  those  levels 
could  have  been  easily  missed  in  the  present  measurement  especially  because  the  levels  are 
unbound  and  the  value  of  r0/T,  could  very  likely  be  < 1. 
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FIG.  1.  Experimental  y-ray  spectra  from  the  Ca(n,y)  Ca  reaction  at  neutron  energies 

from  10.2  to  15.2  MeV.  The  relative  y-ray  intensity  is  plotted  as  a function  of  the 

excitation  energy  of  the  approximate  location  of  the  single-particle  levels  in  **^Ca. 

The  solid  lines  represent  spectra  calculated  from  the  semi -direct  capture  theory  of 

in- 
clement , Lane,  and  Rook.  The  peaks  corresponding  to  the  f^2  ground  state  transitions 

have  been  used  to  normalize  the  theoretical  spectra  to  the  experimental  ones. 
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Cross  section  value  assumes  isotopes  angular  distribution  (see  72Be7,  I.  Bergqvist,  D.M.  Drake, 
D.K.  McDaniels,  Nucl.  Phys.  A191 , 641  (1972). 


Fig.  3.  Experimental  (n,  y)  cross  section  for  y-  ray  transitions  to  excited  levels  between  1.9  and  2.7 
MeV.  The  differential  cross  section  at  90°  was  multiplied  by  4.-I  and  obtained  from  eq.  (2)  of  the  text. 
The  theoretical  cross  sections  (see  caption  to  fig.  2)  were  calculated  for  an  assumed  p^  neutron  state 
located  at  the  centroid  energy  £,  = 2.07  MeV,  of  the  observed  p^  levels  and  v.ith  the  spectroscopic 
factor  S = 1.0  and  (lower  curves)  for  a d*  neutron  state  at  £,  = 2.02  MeV  with  S = 0.2. 


Fig.  2.  Total  (n,  y)  cross  section  for  the  y-ray  transition  to  the  f j ground  state  of  *’Ca-  The  differ- 
ential cross  section  at  90°  was  multiplied  by  4n  and  obtained  from  eq.  (2)  of  the  text.  The  direct 
cross  section  (dash-dot  line)  was  calculated  from  the  theory  of  Lane4)  and  the  semidirect  cross 
sections  from  Clement  et  al. >0)  using  two  different  form  factors  for  the  particle-vibration  coupling: 
a surface  peaked  form  factor  originally  used9)  (solid  line)  and  a volume  form  described  by  Longo 
and  Saporetti**)  (dashed  line).  Interference  between  direct  and  semidirect  capture  is  taken  into 

account. 


(over) 


U.S.  OERARTMSNT  0c  CC  .|M-;PC  1 
NATIONAL  SLREtuC'  ST  - :i.:s 


Fig.  4.  Experimental  (n,  y)  cross  section  for  y-ray  transitions  to  excited  levels  between  3.5  and  4.8 
MeV.  The  differential  cross  section  at  90s  «as  multiplied  by  4.t  and  obtained  from  eq.  (2)  of  the  text. 

The  theoretical  cross  sections  (see  caption  to  fig.  2)  were  calculated  for  an  assumed  pj.  neutron  state 
located  at  the  centroid  energy  £,  = 4. 13  MeV,  of  the  observed  p^.  levels  and  with  the  spectroscopic 

factor  5 = 1.0. 

4 

A.M.  Lane,  Nucl.  Phys.  (1959)  625 
9 

G.E.  Brown,  Nucl.  Phys.  57  (1964)  339 

10 

C.F.  Clement,  A.M.  Lane,  and  J.R.  Rook,  Nucl.  Phys.  66  (1965)  273  293 
28  — 

G.  Longo  and  F.  Saporetti,  Nucl.  Phys.  199  (1973)  530 


491 


REF. 


E.  D.  Arthur,  D.  M.  Drake,  I.  Halpern 
Phys.  Rev.  Lett.  35^  914  (1975). 


J- 


CL  EM.  SYM. 


Ca 


41 


20 


METHOP 


REF.  NO. 

75  Ar  5 


hmg 


reaction 


RESULT 


EXCITATION 

ENERGY 


SOURCE 


OETECTOR 


ANGLE 


N,G 


NOX 


22 


14 


NAI-D 


DST 


(22.4) 


Relative  yields  of  capture  photons  have  been  observed  for  four  nuclei  at  angles  of  55*, 
90*.  and  125*  in  bombardments  with  14-MeV  neutrons.  The  yields  from  10B,  ttSl,  and 
*Ca  show  smaller  fore-aft  anisotropies  than  those  observed  In  corresponding  proton  cap- 
tures. This  suggests  that  the  forward  peaking  in  (p,y)  reactions  Is  due  mainly  to  direct 
rather  than  collective  capture  amplitudes.  Photons  from  liC(n,y^l1C  peak  backward,  but 
this  peaking  cannot  be  straightforwardly  accounted  for  in  terms  of  the  Interference  be- 
tween the  collective  excitations  dominant  in  this  energy  region. 
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TABLE  I.  Angular  distribution  coefficients. 


Reaction 

E* 

(MeV) 

at 

R,=0.57a,- 0.39a,  R, 

l#B(/t,y0)’lB 

25 

-0.44*0.28 

0.05*0.08 

10B(p,yo)llC~O.3* 

,lC(n.y8)lsC 

18 
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-0.15*0.06 

'^(p.yoi^N-O.S1* 
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0.2  *0.24 

0.02*0.1 

“CaOt.y^Ca 

22 

0.03*0.20 
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33K(p,yj)*°Ca~0.2c 

4 Ref.  13. 
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FIG.  3.  Angular  distributions  obtained  for  14-MeV 
neutron  capture  leading  to  the  designated  final  states. 
The  horizontal  bars  show  the  angular  widths  subtended 
by  the  capture  targets. 
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Differential  cross  sections  have  been  measured  tor  the  reaction  40Ca(«,y0)4,Ca  at  seven 
angles  In  1-MeV  steps  and  at  111  200- keV  3teps  tor  Incident  neutron  energies  of 

6-13  MeV.  The  extracted  a*  coefficients  and  the  fore-aft  asymmetry  are  In  good  agree- 
ment with  a dlrect-semldlrect  model  calculation  If  the  lsoscalar  giant  quadrupole  reso- 
nance is  Included. 


FIG.  2.  Typical  data  at  three  energies  tor  the  quantl 
ty  o(0)/Ao.  The  solid  curves  are  the  results  of  fitting 
the  data  by  Legendre  polynomials  to  second  order. 
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Angular  distributions  have  been  measured  for  neutron  energies  of  8 and  12  MeV  for  the  ‘°Ca(*,y0)41Ca 
reaction.  The  extracted  a2  coefficients  are  in  good  agreement  wuh  recent  direct-semidirect  calculations.  The 
behavior  of  a2  is  examined  in  light  of  recent  results  from  polarized  proton  capture  measurements  on 

54.J».JIpe 


FIG.  1.  Angular  distributions  obtained  for  8 and  12 
MeV  neutrons.  The  solid  lines  were  i.itained  from  a 
least  squares  fit  In  terms  of  Legendre  polynomials 
through  Pj(cos9)..  Above  is  a plot  of  tne  calculated 
values  of  a,  from  Hef.  2 for  the  pure  d -ect  model 
(solid  line)  and  dlrect-semidlrect  modn  with  a com- 
plex form  factor.  In  addition  to  the  at  points  obtained 
in  the  present  work,  the  value  from  Ref.  4 at  £„=  14 
MeV  is  shown. 
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Preliminary  data  at  En=8,9,ll  MeV  give  similar  results  to  the  $ POL  NEUTRONS 

10  MeV  measurements  but  no  reliable  E2  cross  sections  have  yet 
been  extracted. 


The  capture  of  fast  polarized  neutrons  incident  on  <0Ca  has  been  measured  at  an  incideat 
neutron  energy  of  10.0  MeV.  The  results  indicate  a significant  non-£l  contribution  in  the 
giant-dipole-energy  region  of  41Ca.  When  the  data  at  £„ * 10  MeV  are  analyzed  with  the 
use  of  a model,  they  are  found  to  be  consistent  with  an  £2  strength  which  is  (3.2  ± 2.7)% 
of  the  total  capture  cross  section.  Some  of  the  implications  of  this  result  are  discussed. 


FIG.  1.  The  cross  section  and  analyzing  powers  ob- 
tained for  the  reaction  ‘(Ca(>»B0 , , >)4,Ca  at  £„  - 10.0 
MeV.  The  solid  lines  are  the  curves  generated  by  fit- 
ting the  data  with  the  T-matrlx  amplitudes  and  phases 
described  in  the  text. 

The  cross-section  data  shown  here  are  a 
composite  of  the  present  results  along 
with  the  previous  10  MeV  data  from  Ref.  8. 

5S.  A.  Wender,  N.  R.  Roberson,  M.  Potokar,  H.  R. 
Weller,  and  D.  R.  Tilley,  Phys.  Rev.  Lett.  41,  1217 
(1978).  — 


po*m  N3S~418 

R EV.  7-1  4*64) 

USC  OMM-N8S-OC 


PHOTONUCLEAR  DATA  SHEET  496 


u.s.  department  of  commerce 

NATIONAL  BUREAU  OF  STANOAROS 


A.  Lindholm,  L.  Nilsson,  M.  Ahmad,  M.  Anwar,  I.  Bergqvist,  S.  Joly 
Nucl.  Phy s.  A3 39,  205  (1980) 


REF. 


METNOO 


-t 


EL  CM.  S YM. 

Ca 

REF.  NO. 


41 


20 


80  Li  4 


hg 


reaction 

RESULT 

EXCITATION 

ENEROY 

SOURCE 

OETECTOR 

angle 

TV**  RANGE 

TVP*  PANG* 

N,  G 

ABX 

11-17 

D 3-9 

NAI-D 

90 

Abstract:  Gumma-ray  spectra  from  radiative  capture  of  neutrons  in  calcium,  nickel,  yttrium  and 
radiogenic  lead  have  been  recorded  at  neutron  energies  between  0.5  and  II  MeV.  The  y-radialion 
was  detected  by  a large  N’al(TI)  scintillation  detector  using  time-of-flight  techniques  to  suppress 
background  radiation.  Cross  sections  for  capture  to  bound  final  states,  mainly  ground  states, 
were  determined. 

Measured  cross  sections  and  data  from  previous  experiments  are  compared  with  predictions  of 
the  direct-scmidirect  and  compound-nucleus  models  For  neutron  energies  below  4 MeV  the 
compound-nucleus  model  accounts  reasonably  well  for  the  observed  cross  sections.  Above  7 MeV 
the  direct-semidirect  model  gives  a good  description  of  the  experimental  data.  In  the  energy 
region  from  4 to  7 MeV  the  contributions  from  the  two  models  are  of  the  same  order  of  magnitude 
and  interference  between  the  two  capture  processes  might  be  important. 

E NUCLEAR  REACTIONS  *°Ca.  5"Ni.  'WY.  ;o"Pbtn.  ;•).  E = 0.5-11  MeV.  measured  <r(£); 
compound  nucleus,  direct-semidirect  model  analyses. 


NEU7SCV  ENERGY  Mgv 


Fig.  1.  Cross  sections  for  the  *"Ca(n.  y„)*'Ca  reaction  The  experimental  data  are  from  .ref.  s)  (solid 
circles)  and  from  the  present  experiment  lopen  circles)  The  error  bars  include  the  uncertainty  in  the 
absolute  scale.  The  extensive  data  set  of  ref  "i  m agreement  with  the  present  data  is  not  included.  The 
compound-nucleus  (CN)  and  direct-semidirect  i DSDi  curves  are  obtained  from  calculauons  described 
in  the  text.  The  full  curve  is  the  sum  of  the  two  others. 
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Assumes  =10.786  ^ (90)  i.e.  constant  = -0.33,  a^=0 


Differential  90*  cross  sections  for  ,0K(p .yo/'Ca  were  measured  over  the  entire  giant  dipole  resonance 
region.  The  data  are  compared  with  similar  results  for  the  ‘°Ca(n  .y0)"Ca  reaction  and  with  calculations 
based  on  the  direct-semidirect  capture  model.  An  observed  energy  difference  of  about  1.5  MeV  between  the 
centroids  of  the  (p,y 0)  and  (n,y0)  cross-section  curves  is  interpreted  as  the  result  of  isospin  selection  rules. 


NUCLEAR  REACTIONS  40K(£,V0)4,Ca  in  the  giant  dipole  energy  region.  Shows 
evidence  for  a shift  of  GDR  due  to  isosptn  splitting. 


’h'  Ay,.''--' 


hi 


^Kio.^Ca 


%'/ 


v ''*v;  i 


1 


7 fl  9 Q n 12  13  U 15  17  ifl 

FIG.  1.  The  3,K(p.  v0)40Ca  cross  section  from  Ref.  5 
(full  curve)  and  from  the  present  work  (closed  circles). 
The  smooth  curves  represent  calculations  based  on  the 
DSD  capture  model  using  optical  potential  parameters  of 
Ref.  15  (dashed  curve)  and  Ref.  14  (dot-dashed  curve). 

The  uncertainties  in  the  absolute  scale  are  about 
20-25%  In  the  three  experiments,  implying  that 
the  data  are  in  agreement  within  errors.  To 


Ref.  9 (crosses),  and  for  the  *#K(/>.yj)4,Ca  reaction  from 
the  present  work  (closed  circles)  plotted  against  the  ex- 
citation energy  of  the  capturing  state  in  4,Ca.  The  dashed 
and  dot-dashed  curves  represent  DdD  calculations  (as  In 
Fig.  1);  the  double  dot-dashed  curves  are  obtained  from 
CN  capture  calculations. 
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Fig.  3.  Spectrum  in  coincidence  with  gamma  rays  of  energy 
8.5  - 10.5  MeV  at  the  1111  keV  resonance. 
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Fig.  1.  Portion  of  the  decay  scheme  of  K“  relev»nt  to  this  study. 
Energies  are  given  in  MeV. 
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Fig.  I.  Fits  to  the  *lCa,  “Ca  and  54Fe  2*  levels. 
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Fig.  7.  FiU  to  42Ca,  40Cu,  44Ca  and  ,0Ti  3"  levels. 


Fig.  3.  Fits  to  *’C a and  40Ca  3 * levels.  Decomposition  for  *°Ca  into  contributions  of  the  3.9  MeV 
2*  level  (dash-dot  curve)  and  the  3.75  MeV  3"  level  (dashed  curve).  The  solid  curve  gives  tho  fit  to 
the  sum  using  shape  (2),  while  the  dotted  curve  gives  the  fit  to  the  sum  using  shape  (3). 
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(MeV) 
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4.719±0.023 
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44Ca 
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1.313  ±0.0 1 3 
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2.2S 

4 
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2.66±0.15 
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4 
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1 .229  ±0.0 1 3 

7.61  ±0.30 
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4 
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4.330±0.021 

1 . 1 96  ±0.0 1 3 

3.37  ±0. 1 5 

5.237  =0.026 

50Ti 
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3 
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1 .2+4  ±0.0 1 2 

3.76  ±0.1 5 
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5.9  20) 
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2.7  20) 

3.20 

5 

2 

3.254±0.032 

1.345  ±0.026 

0.83  ±0.08 

4.724-0.045 

Present  experiment 

i-7 

•)  Errors  do  not  reflect  any  model  dependence.  ^ • M.  Bernstein^ 

*)  Given  errors  do  not  include  the  6 % error  of  normalization. 
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320  ±20 
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476 ± 74  '*) 
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350x  70  *°) 

2 

3.691  ±0.027 
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507  ± 100  **) 
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3.454=0.025 
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1 270  ±85 

5.553±0.030 
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2 

54  ±10 

44  Ti 
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830-170  ,4) 
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1 .397  ±0.010 
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560±  100  ,J) 

1 

3.562  ±0.0 1 4 

0.669  ±0.005 

1680  ±50 
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738  ") 

44Ti 

0.9S4 

700=140  *4) 

2 

3.777  ±0.014 

1 .340  ±0.0 1 0 

537  ± 1 5 

4.671  ±0.017 
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310=  70  “) 
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Present  experiment 

*)  Errors  do  not  reflect  any  model  dependence. 

*)  Given  errors  do  not  include  the  6 % error  of  norma  li  rat  ion. 
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FIG.  1.  Excitation  function  of  the  y#)4-Ca  re- 

action taken  over  the  giant  dipole  region  of  *:Ca,  at  9 
= 90*.  Complete  angular  distributions  were  taken  at  the 
indicated  bombarding  energies.  The  insert  shows  the 
high-energy  portion  of  the  y spectrum  obtained  at  Ep 
= 10.5  MeV.  The  arrow  labels  the  y0  transition. 
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FIG.  2.  Plot  of  Legendre  polynomials  coefficients  .1 , 
and  A ■.  obtained  from  angular  distributions  at  various 
energies  in  the  GDR  of  <2Ca. 

W(e)  = 1 + AjP  (cosP)  + A2P  (cosP) 


TABLE  I.  Comparison  of  the  GDR  gross  structure 
observed  in  40Ca  (Ref.  4)  and  4JCa  in  radiative  proton 
capture. 
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Figure  1.  Excitation  functions  for  the  (•/,  i3)  reaction  obtained  from  x capture  data 
using  the  principle  of  detailed  balance.  The  data  show  n in  (a)  and  if)  are  from  Meyor- 
Shutzmeistcr  ct  al  (1963).  These  in  (b)  are  from  Watson  ct  a!  1. 197 3).  The  relative 
experimental  errors  arc  approximately  ± 10%.  T!tc  r.b'olutc  errors  are  .t  25%. 
Tlie  broken  curves  are  the  results  of  calculation,  ftee  text).  T he  vertical  lines  indicate 
the  relative  cnors  dec  to  uncertainties  in  the  total  piiotorucleur  cross  i-ections  vvh.erc 
they  arc  trreater  than  ± ’0%.  The  crosses  indicate  t ho  energies  at  which  transmission 
— coefficients  were  calculated. 
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Fig.  2.  Absolute  differential  cross  sections  for  the  3*Ar(a,  y0)*lCa  reaction  measured  at  90“  to  the 
beam  direction  versus  bombarding  energy.  The  error  bars  represent  relative  statistical  errors.  The 
absolute  error  is  =30  %.  The  continuous  line  is  a guide  to  the  eye. 
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Fig.  5.  Angular  distribution  measurements  for 
the  I*Ar(a,y0)'‘JCa  reaction  at  the  bombarding 
energies  (MeV)  indicated.  Only  relative  statis- 
tical errors  are  shown.  The  continuous  lines 
represent  Legendre  polynomial  tits  to  the  data. 


Fig.  8.  Normalised  Legendre  polynomial  co- 
efficients determined  by  linear  least  squares 
fitting  of  the  y- ray  angular  distributions  mea- 
sured for  the  3*Ar(a,  y0)  reaction. 
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/ Table  3 

Comparisons  of  energy  integrated  (y.  a)  crlss  sections,  peak  energies  of  the  broad  structures  in  the  (y, «)  excitation  functions  and  the  particle  threshold 

energies 


Final  *) 
nucleus 

Range  of 
integration 
(McV) 

Jtr(y,  a)d£*) 
(mb  ■ MeV) 

j* <r(y,  a)d£*) 
J cds 
(%) 

Particle  threshold  energies 
a n p 

(MeV)  (MeV)  (MeV) 

£c) 

(MeV) 

Exp.  peak 
energy 
(MeV) 

GDR 

energy 

(MeV) 

Refs. 

J*Si 

14.5-22.3 

9.6 

2.3 

9.99 

17.18 

11.59 

15.2 

18.0 

20 

30St 

14.0-22.0 

5.3 

1.2 

10.65 

10.62 

13.51 

15.7 

16.5 

18 

‘) 

llSi 

13.1-22.7 

2.7 

0.57 

6.95 

15.09 

8.87 

13.0 

16 

20 

l) 

4°Ca 

12.5-22.2 

4.8 

0.8 

7.04 

15.62 

8.33 

14.2 

14.0 

20 

*) 

41Ca 

11.0-20.5 

30.2 

4.8 

6.25 

11.49 

10.28 

13.3 

13.0 

17.4 

this  work 

44Ca 

13.5-18.8 

2.6 

3.09 

8.84 

11.13 

12.16 

15.9 

15.3 

17 

this  work 

44Ca* 

13.5-18.8 

0.76 

0.12 

15.9 

18.5 

this  work 

44Ti 

10.5-20.6 

6.1 

0.9 

5.18 

5.18 

8.66 

13.9 

14.0 

,5) 

,lTi 

12.7-20.4 

*0.3 

*0.04 

7.67 

7.80 

1 3.53 

16.1 

,J) 

1JCr 

15.0-20.5 

2.9 

0.38 

9.35 

12.05 

10.52 

17.6 

17.0 

13 

this  work 

5JCr* 

15.0-20.5 

0.51 

0.07 

17.6 

this  work 

*°Ni 

13.9-22.8 

9.6 

1.07 

6.29 

11.39 

9.53 

15.7 

15.8 

16.6 

J) 

«oNi. 

13.9-22.8 

1.7 

0.18 

4.96 

15.7 

17.9 

>) 

•)  The  asterisk  denotes  first  excited  state. 

*)  The  errors  are  approximately  ±30  */%. 

')  £ is  the  a-particle  threshold  energy  plus  Coulomb  barrier  height  (see  text). 
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Abstract:  Monopole  transitions  from  the  0*  ground  states  to  0J"  excited  states  at  3.353  MeV  ('“’Ca). 
1.837  MeV  C*,Ca).  1.884  MeV  C‘4Ca)  and  4 273  MeV  Cl,Ca)  have  been  investigated  with  high 
resolution  inelastic  electron  scattering  (FWHM  5:  30  keV)  at  low  momentum  transfer  (0.29  g if 
g 0.53  fm"k).  The  respective  monopolc  matrix  elements  are  2.53+0.41  fm2.  5.24  + 0.39  fm% 
5.45  + 0.41  fm2  and  2.28 ±0.49  fm2.  These  results  are  used  together  with  known  ground  state 
charge  radii  and  the  average  number  of  holes  in  the  sd  shell  in  the  ground  state  to  estimate  the 
number  of  particle-hole  excitations  in  the  wave  functions  of  the  excited  0*  states. 
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Table  2 


t;lu>iic  and  inelastic  cross  'Oetions  id<r  dfi),  (10"'  rm;  ,r)  and  i dcr  dfi)  1 10 ' ’ fm;  sr).  respectively,  and 
DW8A  correction  factors  fc  for  the  monopole  transitions  studied 


Nucleus 
£,  (MeV) 

£0(Mey> 

0 (deg) 

q1  (fm'2) 

(dtr  dO),, 

(d<r  dQ),.„ 

/. 

*"Ca  . . _ 

3.353 

59.76 

128  9 

0 282 

4 52 

291  (6.5) 

1 46 

54  73 

140  9 

0.256 

3 11 

1.95  (11.7) 

1 53 

54.70 

116  9 

0 210 

14.65 

4 84  (8  9) 

1 55 

i;Ca 

33  67 

128  9 

0.086 

40  70 

2.47  (34.7) 

1 91 

1 837 

54  73 

140  9 

0 263 

3 05 

6 53  (5  8) 

1 48 

54  70 

1 16  9 

0 215 

14  21 

20  51  (4.3) 

1 51 

54  70 

92  9 

0.156 

64  99 

45  23  (3.9) 

1 54 

*‘Ca 

1.884 

54.73 

1409 

0 263 

3 15 

6.44  ( 7 3) 

1 47 

54.72 

1 16  9 

0 215 

14  83 

20.91  (4.0) 

1 50 

54  72 

92.9 

0 156 

66  24 

45  39  (3.5) 

1.53 

i"Ca 

4 272 

54  73 

140  9 

0 252 

2.99 

I II  (30.8) 

1 46 

54  73 

116  9 

0 206 

14  20 

3 09  (5  6) 

1 49 

54.73 

92  9 

0 149 

64  09 

7 38  (13.4) 

1 53 

The  values  in  parentheses  denote  the  statistical  error  of  the  cross  sections  in  percent. 


T VIILE  3 

Ru'ulls  of  the  present  (e.  e ) exper.ment  lor  monopole  matrix  elements,  transition  radii  and  pair  decay 
w.dths  together  with  results  from  other  experiments  and  theoretical  predictions 


Nucleus 

ME  (fm2) 

/?,,  (I’m) 

r, ( ne V ) 

Exp 

Theory 

'"Ca 

3 6 ±11 

6 3 

0 37  -o  23 

(e.  e ) *) 

021  -O0I 

") 

2 6 ±0  1 

<P-  P . > > 

2.44 

4) 

5 53 

•) 

2.53  ±0  41 

6 ' -09 

0 18  ± 0 06 

this  work 

':Ca 

5.93  ±0  52 

ip.  p ;) ') 

5.58 

4 19 

') 

5 24-0  39 

6 3 r 0 4 

0 01 6 ± 0 002 

this  work 

“Ca 

5 39  ± 1 79 

(p  p ;)‘i 

5 56 

(J.  p. ) ‘ ‘1 

5.45 ±0  41 

6 5 4 

0 021  ±0  003 

this  work 

i-Ca 

1 52  ±007 

<P-  P . > '> 

2.28  ±0  49 

6 8 t 1 4 

0 63  -0  27 

ihis  work 

*)  Ref  ") 

6)  Ref.  I2) 

<)  Ref  •*) 

')  Ref  ’)  ')  Ref  *) 

’)  Ref  ”> 

•)  Ref.  2J) 

3, 


U, 


12 

22 

23 


W.J.  Gerace  and  A.M.  Green,  Nucl . Phys.  A93,  110  (1967); 
A 1 23 , 241  (1969)  

*P.  Federman  and  S.  Plttel,  Phys.  Rev.  186,  1106  (1969); 
Nucl.  Phys.  A! 39,  108  (1969) 

^M.  Ulrickson,  N.  Benczer-Koller , J.R.  MacDonald  and 
J.W.  Tape,  Phys.  Rev.  CJ_5  186  (1977) 

P.  Strehl,  Z.  Phys.  234,  416  (1970) 


P.M.  Endt  and  C.  van  der  Leun,  Nucl.  Phys.  A235,  27  (1974) 
L.0.  Skouras,  Nucl.  Phys.  A220,  604  (1974) 

J.D.  McCullen  and  D.J.  Donahue,  Phys.  Rev.  C£,  1406  (1973) 
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Abstract:  Monopole  transitions  from  theO,‘  ground  states  to  02'  excited  states  at  3.353  MeV  (*°Ca). 
I 837  MeV  (42Ca).  1.884  MeV  (MCa)  and  4 272  MeV  C*,Ca)  have  been  investigated  with  high 
resolution  inelastic  electron  scattering  ( FW H M = 30  keV)  at  low  momentum  transfer  (0.29  g <? 
5 0 53  fm'1).  The  respective  monopole  matrix  elements  are  2.53  + 0 41  fm2,  5 24  + 0 39  fm2. 
5.45+0.41  fm2  and  2.28+0.49  fm2.  These  results  are  used  together  with  known  ground  state 
charge  radii  and  the  average  number  of  holes  in  the  sd  shell  in  the  ground  state  to  estimate  the 
number  of  particle-hole  excitations  in  the  wave  functions  of  the  excited  0*  states. 


NUCLEAR  REACTIONS  40  44 -4,Ca(e.  e ),  £ = 31-67  MeV.  measured  i i\E:Et  :0). 

*u.  *:  *4  *»ca  o*  level  deduced  E0  matrix  elements.  Shell  model  calculation. 
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Fig.  3.  Extrapolation  of  the  measured  B(  CO.  q)  values  (dots)  to  q = 0 with  the  two  parameter  expression 

ofeq.(l). 


Fig.  4.  The  determined  monopole  matrix  elements  as  a function  of  mass  number  for  the  four  Ca  isotopes. 
The  line  which  connects  the  experimental  points  has  no  theoretical  significance. 
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Experimental  results  are  presented  for  the  cross  sections  measured  at  90°  of  the  reactions  41CaO,p),  VIRT.  PHOTON  ANALYSIS 
4,Ca(APo)  and  4JCa(;\  x, ,)  between  excitation  energies  16  and  IS  McV. 


Fig.  1.  Differential  photoproton  cross  section  of  4!Ca(;',  p)  for  E,  > 3 7 MeV  at  a detection  angle 
of  90’  to  the  beam  direction.  Error  bars  are  statistical  only;  there  is  a 1 5 0 „ uncertainty  in  the 
absolute  cross  section  scale. 


o 


Fig.  2.  Differential  cross  section  of  42Ca(y,Po)  at  0 = 90’.  Error  bars  are  statistical  only;  there  is  a 
15%  uncertainty  in  the  absolute  cross  section  scale.  The  solid  curve  is  the  4JCa(y,p0)  cross  section 
derived  by  detailed  balance  from  the  4,K(p,y0)  data  of  Diener  et  a/.  (1973)  and  smoothed  with  a 
0-5  MeV  sliding  interval. 
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Fig.  3.  Diirercnii.il  cross  section  of  1!Ca(>',  i0)  at  0 — 90’.  F.rror  bars  arc  statistical  only;  there 
is  a 15%  uncertainty  in  the  absolute  cross  section  scale.  Crosses  indicate  the  deferential  cross  section 
for  1JCa<;’,  x„)  derived  from  the  cross  section  measured  by  Foote  ct  al.  (1976).  The  scale  in  this 
case  is  assigned  on  the  assumption  of  an  isotropic  angular  distribution. 
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The  search  lor  magnetic  dipole  transitions  from  the  ground  state  of  the  even-even  Ca  isotopes  to  high  lying  J ” = 1 + 
states  by  means  cf  low  momentum  trarster  but  high  resolution  inelastic  electron  scattering  is  described  The  previously 
detected  strongly  excited  J*  = 1*  state  at  = 1 0.3 1 9 M=V  (fi(M  11  r = 1 . 1 2 * 0.27  | in  4°Ca  has  been  confirmed  but 

-contrary  to  the  expectations  ot  the  independent,  particle  shed  model  - only  a fairly  weak  Ml  transition  is  observed  in 
Cj  [£\  = 1 1.235  MeV,  S(M1)  f = 0.59  - 0 C5  and  none  in  44 Ca  between  Ex  = 8. 2-12. 2 MeV.  In  48Ca,  however, 
a sery  strong  Ml  transition  (fllMl ) “ = 4.0  r 0.3  ujj  to  a single  state  at  L\  = 10.227  MeV  has  been  discovered. 
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Tie.  1 Hieh-resolution  inelastic  electron  scattering  spectra  of 
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Magnetic  dipole  transitions  are  denoted  by  an  arrow. 
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Abstract:  The  reaction  *:Ci(y.  n.C'Ca  has  been  measured  from  !0  5 MeV  to  28  MeV  'using  an  ennehed 
metal  target  and  the  yield  curve  technique.  The  resultant  crass  section  shows  gross  structure  which 
is  shown  to  be  consistent  with  predictions  of  isospin  splitting  of  the  giant  dipole  resonance. 


NLCLEAR  REACTIONS  *"Ca(  . n).  E = 10."  23  Me  . Vem-strahlang.  measured  cr(  E). 
4:Ca  deduced  evidence  for  isospin  splitting  En-:.hcd  tarcet. 
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We  present  the  giant  electnc-dipole  and  electric-quadrupole  cross  sections  of  4:Ca  and 
“Ca  measured  by  inelastic  electron  scattering  with  incident  energies  between  124  and  250 
MeV.  Spectra  were  decomposed  into  dipole,  quadrupole,  and  other  higher  multipole  com- 
ponents. The  giant  dipole  resonances  in  both  nuclei  have  a large  width  of  approximately 
12  MeV,  with  at  least  two  gross  resonance  structures.  The  quadrupole  resonances  are  dis- 
tributed in  several  clusters  between  10  and  22  MeV,  depleting  (61+9)%  in  *:Ca  and 
(46  + 7)%  in  “Ca  of  the  isoscalar  energy-weighted  sum  rule,  respectively.  Higher  mul- 
tipoie  resonances  were  also  found  in  the  same  excitation  energy  region.  The  observed 
structure  in  the  dipole  and  quadrupole  resonances  are  examined  in  terms  of  the  collective 
model,  and  it  is  suggested  that  the  splitting  of  the  dipole  resonance  revealed  in  “Ca  may 
reflect  the  effect  of  nuclear  deformation. 


NUCLEAR  REACTIONS  *2Ca  (e.e')  and  “Ca  (e.e'),  £ = 124-250 
MeV.  q =0.4—  1.2  fm_l,  enriched  target,  measured  cr IE', 9)  up  to  35 
MeV  in  excitation  energy;  deduced  electnc-dipole,  electric-quadrupole, 
and  higher  multipole  strength  in  the  giant  resonance  region. 


FIG.  5.  The  longitudinal  dipole  differential  form  fac- 
tors of  *:Ca  and  “Ca  at  q =0.43  fm-1.  The  shaded  area 
shows  the  errors  ansing  from  the  least  square  method. 
The  two  gross  resonances  in  both  isotopes  are  fitted  by 
two  Breit-Wigner  shape  cross  sections.  The  K splitting 
of  the  Suzuki-Rowe  model  (Refs.  40  and  42)  is  com- 
pared with  the  spectra.  Shell  model  calculation  (Ref.  9) 
is  also  shown  by  solid  lines  for  the  T < state  and  dashed 
lines  for  the  T>  state.  Both  7'<  and  T,  strengths  are 
multiplied  by  a factor  of  2. 


B(  CL ) 


FIG.  1.  The  total  form  factor  integrated  from  10  to 
25  MeV  for  *_Ca  and  “Ca,  together  with  the  experimen- 
tal results  of  40  C a ;Ref.  3).  The  measured  form  factors 
at  q = 1.9  fm'1  are  taken  from  Ref.  27.  The  shaded 
area  labeled  1CI  ( / > 3 > is  the  investigated  range  of  the 
contributions  of  the  higher  multipole  excitation  for  *:Ca. 
The  solid  and  dashed  curves  are  the  sum  of  the  all  mul- 
tipole excitations  in  4'Ca  and  “Ca.  respectively.  Also 
the  measured  transverse  form  factor  of  "°Ca  integrated 
in  the  same  energy  range  is  shown.  The  electnc-dipole 
transverse  form  factor  calculated  using  the  panicle-hole 
wave  functions  'Ref.  32)  is  shown  by  the  dot-dashed 
curve. 
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FIG.  4.  The  longitudinal  form  factors  integrated 
from  10  to  25  MeV  for  *2Ca  and  “Ca,  together  with  the 
result  of  the  multipole  expansion.  The  dashed,  dash- 
dotted,  and  long  dashed  curves  are  the  Cl,  C 2.  and 
ZCl  (/  > 3)  components,  respectively.  The  solid  curve  is 
the  sum  of  the  ali  mul'ipole  excitation.  The  occasional 
error  bars  on  the  C 1,  C2.  and  I Cl  (/>  3)  curves  include 
statistical  error  and  model  dependence  of  the  higher 
■nulti pole  excitations. 


FIG.  7.  The  longitudinal  quadrupole  differential 
form  factors  of  42Ca  and  wCa  at  q =0.74  fm-1  are  com- 
pared with  the  result  of  ^Ca  iRef.  3).  The  shaded  area 
for  wCa  was  obtained  by  combining  the  result  of  *°Ca  at 
q =0.67  fm-1  and  q =0.81  fm-1,  while  those  of  42Ca 
and  “Ca  show  the  errors  arising  from  the  least  square 
method.  The  K splitting  of  the  Suzuki-Rowe  model  is 
also  shown. 


TABLE  II.  Reduced  transition  probabilities  B ( C 1,  r ) obtained  by  the  multipole  expansion  and  the  depletion  of  the 
isovector  electric  dipole  EWSR  (S,).  The  positions  of  dipole  peaks  are  indicated  in  square  brackets.  Errors  in  fl(Cl) 
and  S|  are  >10%,  which  include  errors  arising  from  the  model  dependence  on  the  higher  multipole  transitions. 


*:Ca  uCa 

fl(CI)  5,  u>  fl(Cl)  5, 


(MeV) 

( e:  fm2) 

1%) 

(MeV) 

(e'frn2) 

(%) 

9.0-12.5  [9.4,  11  2] 

1.49 

10.2 

9.0-12.1  (10.0,  11.7] 

1.46 

9.4 

12.5  — 14.5  (13.3,  13.9] 

1.34 

11.5 

12.1  - 14  5 [13.0.  14.  1] 

1.60 

13.3 

14.5-18.0  [16.2.  17.5] 

3.06 

31  9 

14.5-18.5  (15.3.  16.2.  17.3] 

3.78 

38.4 

18.0-21.0  [18.3.  19.2] 

2.81 

35.1 

18.5-23.0  [19.6,  20.3.  21.4,  22.0] 

4.33 

55.3 

21.0-26.0  [22.5] 

3.19 

48.1 

23.0-25.0  [22.9] 

1.52 

22.4 

26  0-50.0  [26.7] 

1 39 

25  0 

25  0-2'  0 

0.96 

15  3 

30.0-  35  0 

0.64 

13.3 

10.0-25.0 

11.0 

129 

10.0-25.0 

12.2 

138 

9 0-35.0 

13.9 

173 
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FIG.  2.  The  longitudinal  differential  form  factor  of  <zCa  at  various  momentum  transfers.  The  error  bars  show  the 
experimental  results  sorted  by  150  keV.  The  thin  curve,  thick  curve,  and  dashed  curve  show  the  dipole,  quadruple, 
and  higher  multipole  (3  < Cl  < 6)  excitations,  respectively.  Also  shown  is  the  sum  of  the  all  multipole  excitations  by 
thin  curve.  The  occasional  error  bars  on  the  curves  indicate  errors  associated  with  the  least  square  method. 
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FIG.  8.  The  total  differential  form  factor  of  i:Ca  at  1S3  MeV  35*  and  250  MeV  55*.  The  short-dashed  curve  is  the 
sum  of  the  transverse  excitations  (labeled  T,)  and  the  higher  multipole  (l  >3)  excitations.  The  dot-dashed  curve  in  the 
lower  figure  indicates  the  phenomenological  shape  for  the  continuum,  which  was  used  to  deduce  the  resonant  part  of 
the  octupole  strength.  The  contribution  of  the  !ir-  :e  -Te-gth  to  the  spectra  at  250  MeV  55’  is  negligibly  small. 
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Experiment  done  with  and  without 
filter  l8mm  of  Pb  Sc  difference  taken 
to  get  integrated  ct;  Ci2(y, n)  a is 
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l Ani  t I.  Summary  or  oata  on  (r,  p)  reactions  with  20  MeV  ■rembtramluno 


Nuclide 

Parent  Residual 

(Natural  (Half-life) 

abundance.  %) 

s, 

(MeV) 

Observed  y-ray 

Yield  determined 

Energy 

(MeV) 

Branching 
ratio  (%) 

Type  of 
multipole 
transition 

pCi/mg») 

Yield/mol -R 

:lMg 

(10.11) 

:*Na 

(15  hr) 

12.06 

1.37 

100 

£2 

1 .48x  10-' 

l.7x  10* 

»Si 

(4.71) 

»AI 

(2.27  min) 

12.33 

1.78 

100 

£2 

1.91 

2.8x10* 

"Si 

(3.12) 

«AI 

(6.56  min) 

13.59 

1.28 

93.8 

£2  + Afl 

6.51 x 10*' 

1.5x10* 

“Ca 

(2.06) 

"K 

(22.4  hr) 

12. 17 

0.374 

85 

£2  + Afl 

7.86x  I0*» 

1 . 3 x 10* 

*’Ti 

(7  32) 

‘•Sc 

(84.  Id) 

10.47 

0.887 

100 

£2 

7.11  x I0-* 

3.1  x 10* 

"Ti 

(73.99) 

"Sc 

(34d) 

11.44 

0.160 

100 

£2  + «l 

6.83x10-* 

1 . 2 x 10* 

**Ti 

(5.46) 

"Sc 

(1 . 8 d ) 

11.35 

1.31 

100 

£2 

4 . 40  X 10- 

5.8  x 10* 

"Cr 

(9.55) 

«V 

(3.8  min) 

11.15 

1.43 

100 

£2 

5.01 x 10-' 

6.6x  10* 

"Fe 

(2.17) 

"Mn 

(2.58  hr) 

10.57 

1.81 

23.5 

£2  + Af  1 

8.  lOx  10* 

2.1  x 10* 

"Ge 

(36.74) 

"Ga 

(4.8  hr) 

10.92 

0.295 

97 

(£2) 

3.70x  10-' 

1 3x  10* 

”Se 

(7.58) 

"As 

(26.5  hr) 

9.61 

0.559 

41 

£2 

1 .48x  I0*» 

1.3x10* 

"Sr 

(7  02) 

"Rb 

09d) 

9.41 

1.08 

9 

£2 

5. 15  x I0*‘ 

9.9x  10* 

»*Cd 

(12.26) 

lllAg 

(3.2  hr) 

9.74 

1.39 

35 

£2 

1 .91 x I0-* 

2.1x10* 

"’Sn 

(7.57) 

"••In  (54  min) 

9.58 

1.27 

84 

£2 

9 80x  IO-» 

6.9x  10* 

'•'Ba 

(11.32) 

i>*Cs 

(13d) 

8.67 

0.830 

100 

£2 

1 68x  IO-‘ 

2.2x  10* 

'"Hg 

(16.84) 

'•Au 

(2.7d) 

7.27 

0.412 

100 

£2 

8.43  x 10** 

2.2  x 10* 

•)  The  value  corrected  at  the  end  of  I hr  irradiation  (9.4  x 10*  R/min). 


Atomic  number 


Fig.  2.  The  yield  curve  for  the  (y,  p)  reaction 
with  20  MeV  bremsstrahlung. 
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Fig.  1.  Fits  to  the  42Ca,  44Ca  and  -4Fe  2*  levels. 
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Fig.  7.  Fits  to  42Ca,  40Ca,  44Ca  and  J0Ti  S'  levels. 


over  j 


Fig.  5.  Low-energy  data  for  40Ca  3”  level  from  ref.  *).  The  curves  represent  the  best  fits  to  our  high- 

energy  data  using  shapes  (I).  (2)  and  0)  as  explained  in  the  text.  525 
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I ABLE  j 


Inelastic  parameters 


Isotope  £• 

L 

Shape 

c„‘) 

r.r*) 

0 *) 

/?*■) 

<7(s.p.u.) 

(MeV) 

(fm) 

(fm) 

(s.p.u.) 

(fm) 

hcavy-ptrticlc 

: i9\ 

*°Ca 

3.740 

3 

2 

3.536  ±0.030 

1.483  ±0.020 

24.9  ±1.0 

4.835±0.030 

23.6±3.5 

4.4S0 

. 5 

2 

3.538  ±0.050 

1.260  ±0.035 

9.7  ±0.6 

4.810 

17.7±2.7 

3 

17.7  ±1.5 

5.467  ±0.060 

1 1.3  — 1.7 

“Ca 

3.440 

3 

2 

3.565  ±0.01 8 

I.383±0.014 

12.4  ±0.5 

4.719±0.023 

12.0  — 1.8 

4.100 

5 

3.231  ±0.030 

1.404  ±0.025 

3.4  ±0.3 

4.816±0.044 

9.0  ± 1 .4 

“Ca 

3.30 

3 

2 

3.555  ±0.018 

1.313  ±0.013 

6.95  ±0.28 

4.61 8 ±0.023 

8.0  ±1.2 

2.28 

4 

2 

4.091  ±0.030 

1 .268  ±0.0 1 6 

2.66  ±0.1 5 

5. 1 35  ±0.030 

1.3  ±0.3 

3.91 

5 

2 _ 

3.268  ±0.030 

1.397  ±0.024 

2.30±0.20 

4.832  ±0.045 

4.4±0.7 

“Ti 

2.00 

4 

2 

4.264  ±0.02! 

1. 229  ±0.0 13 

7.61  ±0.30 

5.226  ±0.026 

“Ti 

2.286 

4 

2 

4.330—0.021 

1 . 1 96  ±0.0 1 3 

3.37  ±0. 1 5 

M 

II 

o 

b 

t-.* 

O' 

50Ti 

4.42 

3 

2 

3.645±0.017 

1.244±0.01 2 

3.76±0.15 

4.600  ±0.023 

5.4±0.8 

2.50 

4 

2 

3.865  ±0.017 

1 .347  ±0.0 1 2 

4.7  ±0.15 

5.064  ±0.026 

3.3±0.7 

2.7  10) 

3.20 

5 

2 

3.254  ±0.032 

1.345  ±0.026 

0.83  ±0.08 

4.724  ±0.045 

Present  experiment 

•)  Errors  do  not  reflect  any  model  dependence.  A.  M.  Bernstein,  Adv.  in  Nucl.  Phys.  2.  (1969)  325. 

»)  Given  errors  do  not  include  the  6 % error  of  normalization. 


, 42  / 44  n 

For  data  on  2 levels,  see  Table  2 on  Ca  (for  Ca) 


:0’4; 


q Km'1) 

Fig.  6>  Fits  to  1®Ti,  “Ti,  “Ti  and  “Ca  4*  levels.  For  “Ti  we  show  the 
decomposition  into  contnbutions  of  the  2.42  MeV  2 * level  (dash-dot 
curve)  and  the  2.286  MeV  4*  level  (dashed  curve). 
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Table  1.  Preliminary  Results  with  Relative  Errors;  Absolute  Errors  - 30% 


Reaction 

/aCVao)dE 

mb.  MeV 

To  (y i ,aQ)dE 
mb.  MeV 

Excitation  Energy 
(MeV) 

40Ar(a,Y)44Ca 

1.4  ± 0.3 

0.42  ± 0.08 

15.5 

48Ti (a,y) S2Cr 

3.0  ± 0.6 

0.48  ± 0.10 

17.0 

S6Fe(a,Y)60Ni 

7.8  ± 1.5 

1.52  ± 0.30 

16.0 
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Table  I.  The  B(EL)  and  | ^ | 2 values  and  fractions  of 
the  energy  weighted  sum  rule  (E'.v'SR)  for  the 
giant  resonances  in  44Ca. 


FMF  10  to  28  MEV 


Ex 

(MeV) 

B(EL)or|Mif|2 

fraction  of 
T=0  ET.JSR  (%) 

fraction  of 
T = 1 E’..'SR(%) 

E2 

17* 

884  e 2fm4 

143 

123 

EO 

17* 

1550  fm4 

240 

El 

17* 

8.9  e2fm2 

92- 

* Center  of  energy  from  10  to  23  MeV 


composed  to  El  and  E2  components. 


it  io  :s  is  it  it 

(1CIT»T!CH  CNCOGV  iHtll 


Fig.  1.  Inelastic  electron  scattering 
spectra  of  the  giant  resonance 
region  in  44Ca.  The  spectra 
were  decomposed  to  El (dotted 
line)  and  E2(solid  line)  com- 
ponents. 
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Comparisons  of  energy  integrated  (y,  a)  cross  sections,  peak  energies  of  the  broad  structures  in  the  (y, «)  excitation  functions  and  the  particle  threshold 

/ energies 


Final  *) 
nucleus 

Range  of 
integration 
(McV) 

Ja(y,  a)d £*) 
(mb  • McV) 

r<7(y,  a)d£») 
J cds 
(%) 

Particle  threshold  energies 
a n p 

(MeV)  (MeV)  (MeV) 

£') 

(MeV) 

Exp.  peak 
energy 
(MeV) 

GDR 

energy 

(MeV) 

Refs. 

28Si 

14.5-22.5 

9.6 

2.3 

9.99 

17.18 

11.59 

15.2 

18.0 

20 

‘) 

50Si 

14.0-22.0 

5.3 

1.2 

10.65 

10.62 

13.51 

15.7 

16.5 

18 

*) 

J3Si 

13.1-22.7 

2.7 

0.57 

6.95 

15.09 

8.87 

13.0 

16 

20 

‘) 

40Ca 

12.5-22.2 

4.8 

0.8 

7.04 

15.62 

8.33 

14.2 

14.0 

20 

*) 

4lCa 

11.0-20.5 

30.2 

4.8 

6.25 

11.49 

10.28 

13.3 

13.0 

17.4 

this  work 

■“Ca 

13.5-18.8 

2.6 

3.09 

8.84 

11.13 

12.16 

15.9 

15.3 

17 

this  work 

4*Ca* 

13.5-18.8 

0.76 

0.12 

15.9 

18.5 

this  work 

44Ti 

10.5-20.6 

6.1 

0.9 

5.18 

5.18 

8.66 

13.9 

14.0 

M) 

”Ti 

12.7-20.4 

*0.3 

*0.04 

7.67 

7.80 

13.53 

16.1 

,5) 

“Cr 

15.0-20.5 

2.9 

0.38 

9.35 

12.05 

10.52 

17.6 

17.0 

18 

this  work 

5JCr* 

15.0-20.5 

0.51 

0.07 

17.6 

this  work 

60Ni 

13.9-22.8 

9.6 

1.07 

6.29 

11.39 

9.53 

15.7 

15.8 

16.6 

5) 

«#Ni» 

13.9-22.8 

1.7 

0.13 

4.96 

15.7 

17.9 

5) 

•)  The  asterisk  denotes  first  excited  state. 

b)  The  errors  are  approximately  ±30%. 

c)  £ is  the  a-particle  threshold  energy  plus  Coulomb  barrier  height  (see  text). 
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Abstract:  The  cross  sections  of  the  (e.  e p)  reaction  on  “Ca.  “Sc  and  “Ti  have  been  measured  and  used 
to  deduce  (•;.  p)  cross  sections.  Together  with  (y.  r.)  cross  sections  from  others,  these  data  allow 
an  estimate  of  the  ar.d  T , GDRcross  sections  The  experimental  results  seem  to  be  consistent  with 

the  theory  or.  the  isospm  splitting.  The  (;•.  p0)  or  p0  +■  p, ) ar.d  (y.  i0)  cross  sections  base  also  been 
measured.  The  ratio  c(  . p„)  «■(-/.  p)  indicates  a contribution  of  a statistical  nature  in  the  T,  GDR 
region  ar.d  some  aad.'.ional  direct  modes  in  the  T>  GDR  region.  The  contribution  of  one  f*!Sc) 
or  two  C**Ti!  extra  p-otons  is  discussed  ar.d  it  is  found  that  the  valence  nucleons  contribite  to  GDR 
in  an  independent  way. 
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Abstract:  Monopole  transitions  from  the  0*  ground  states  to  02*  excited  states  at  3.353  MeV  (*°Ca>. 
1.837  MeV  (*2Ca).  I.8S4  MeV  (**Ca)  and  4.272  MeV  C18Ca)  have  been  investigated  with  hish 
resolution  inelastic  electron  scattering  (FWHM  =s  30  keV)  at  low  momentum  transfer  (0.29 
S 0.53  fm"*').  The  respective  monopolc  matrix  elements  are  2.53+0.41  fm2.  5.24  + 0.39  fm:, 
5.45 ±0.41  fm1  and  2.28 ±0.49  fm2.  These  results  are  used  together  with  known  ground  state 
charge  radii  and  the  average  number  of  holes  in  the  sd  shell  in  the  ground  state  to  estimate  the 
number  of  particle-hole  excitations  in  the  wave  functions  of  the  excited  0*  states. 


Fig.  3.  F.vtrapolation  of  the  measured  B(C0.  </)  s jlues  (dots)  to  q » 0 with  the  two  parameter  expressum 

of cq  (I). 
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Elwlu.'  and  inelastic  cross  'tenons  Id-r  dfll,,  ( 1 0 ’ ' frrr  sr)  and  (d-r  dfi)  (10  ' lm:  sr).  respectively.  and 
DWBA  correction  factors  l<  for  the  monopole  transitions  studied 


Nucleus 

£„<  N|^v) 

W (deg) 

H1  (fm'2) 

(d a dfl)fl 

(d<rdO).„„ 

f. 

E,  (MeV) 

*°Ca 

1.353 

59.76 

128.9 

0 282 

4 52 

2.91  (6.5) 

1 46 

54.73 

140.9 

0 256 

3.11 

1 95  (II  7) 

1.53 

54  70 

116  9 

0 210 

1465 

4 84  (8  9) 

1.55 

33.67 

128.9 

0 086 

40.70 

2.47  (34  7) 

1.91 

■*;Ca 

1 837 

• 54  73 

1409 

0 263 

3 05 

6.53  (5  8) 

1 48 

54.70 

1 16  9 

0 215 

14  21 

20  51  (4  3) 

1.51 

54.70 

92.9 

0 156 

64  99 

45  23  (3  9) 

1 54 

“Ca 

1.884 

54.73 

1409 

0.263 

3 15 

6.44  ( 7 3) 

1 47 

54  72 

1169 

0215 

14  83 

20  91  (4  0) 

1.50 

54.72 

92.9 

0 1 56 

66  24 

45  39  (3  5) 

1 53 

*"Ca 

4 272 

54  73 

140  9 

0 252 

2 99 

1 II  (30  8) 

1 46 

54  73 

1 16.9 

0.206 

14.20 

3 09  (5  6) 

1 49 

54  73 

92  9 

0 149 

64  09 

7 38  (13.4) 

1.53 

The  values  in  parentheses  denote  the  statistical  error  of  the  cross  sections  in  percent. 
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Results  of  the  present  (e.  e ) experiment  for  monopole  matrix  elements,  transition  radii  and  pair  decay 
widths  together  with  results  from  other  experiments  and  theoretical  predictions 
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r.OteV) 

Exp 

Theory 
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36  mi  l 

6 3 

0 37  ±0  23 

(e.  e )M 

0 21  +001 

b) 

2.6  ±0.1 
2.44 

Ip.  p ,)  •) 

4) 

5 53 

2.53  ± 0.41 

6 1+09 

0 18  + 0 06 

this  work 

*1 

4:Ca 

5.93  ±0.52 
5.58 

( p.  p . I • l 

*> 

4 19 

5 24 ±0.39 

6 3+04 

0016+0002 

this  work 

•‘•‘Ca 

5 39  ± 1 79 

<P-  P . ) ') 

5.56 

1*.  p.  1 * ‘> 

5 45  ± 0 41 

6 5 ±0  4 

0 021  ±0  003 

this  work 

*'Ca 

1 52  ±0  07 

'P  P ' *» 

2.28  ±0  49 

6 8 ± 1 4 

0 63  r»2' 

this  work 
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Abstract:  Monopole  transitions  from  the  0,"  ground  states  to  0j  excited  states  at  3.35}  MeV  (40Ca), 
1.837  MeV  ( 2Ca).  1 884  MeV  (“Ca)  and  4.272  MeV  (4*Ca)  have  been  investigated  with  high 
resolution  inelastic  electron  scattering  (FW  HM  * 30  keV)  at  low  momentum  transfer  (0.29  £ q 
S 0 53  fm"1).  The  respective  monopole  matrix  elements  are  2.53±04l  fml.  5 24±0.39  fm2. 
5.45+0.41  fm  and  2.28+0.49  fm2.  These  results  are  used  together  with  known  ground  state 
charge  radii  and  the  average  number  of  holes  in  the  sd  shell  in  the  ground  state  to  estimate  the 
number  of  particle-hole  excitations  in  the  wave  functions  of  the  excited  0*  states. 
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Fig.  4 The  determined  monopole  matrix  elements  as  a function  of  mass  number  for  the  four  Ca  isotopes. 
The  line  which  connects  the  experimental  points  has  no  theoretical  significance. 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonudear  reactions  in  the  ejiergy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciaole  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and.  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 
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Fig  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


■ 4,Ca( n)4’Ca.  □ 44Ca(y.  p)4JK,  • 46Ti(y.  n)4STi. 

3 48 Til x.  p)4?Sc.  C 4,Ti(y.  pj4*Sc.  A 5lV(y,  jtl47Sc 

A 51  V(yt  an)4* Sc. 


= a N3S-418 


(over) 

U s.  OEP  APTMEN  T OP  ::v 


540 


'«£PCE 


E m*i (McV  ) 


Fig  10.  Yields  of  the  (y.  p)  reactions  as  a function  of  brems- 
strahlung  maximum  energy  and  target  mass  number  The 
numerical  values  in  the  figure  arc  yields  per  equivalent  quanta 
in  mb 


«er.  W.  Steffen,  H.-D.  Graf,  W.  Gross,  D.  Meuer,  A.  Richter,  E.  Spamer, 
0.  Titze,  W.  Knupfer 
Phys.  Lett.  95B,  23  (1980) 
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The  search  lor  magnetic  dipole  transitions  from  the  ground  state  of  the  even-even  Ca  isotopes  to  high  lyin'  J*  * 1* 
states  by  means  of  low  momentum  transter  but  high  resolution  inelastic  electron  scattering  is  described.  The  previously 
detected  strongly  excited  Jn  3 I*  state  atfx  = 10.319  MeV  (S(MI)  t = 1.12  t 0.27  in  40Ca  has  been  onfirmed.  but 
-contrary  to  the  expectations  of  the  independent^  particle  shell  model  - only  a fairly  weak  Ml  transitiot.  observed  in 
4*Cj  [£*  = 1 1-235  MeV.  fl(Ml)  t = 0.59  t 0.05  «{■)  and  none  in  44 Ca  between  Ex  = 8.2-12.2  MeV.  In  43Ca,  however 
a very  strong  Ml  transition  (fl(Ml)  '=4.0:  0.3m^I  to  a single  state  at  £\  =■  10.227  MeV  has  been  discovered. 


NO  TRANS  8.2-12.2  MEV 


Tig.  1 High-resolution  inelastic  electron  scattering  spectra  of 

40.4a.44.4gQ  ajj  me:,s.Jrcd  at  /)  = ,6jo  anj  NJeV 

Magnetic  dipole  transitions  are  denoted  bv  an  arrow. 
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We  present  the  giant  electric-dipole  and  electric-quadmpole  cross  sections  of  42Ca  and 
“Ca  measured  by  inelastic  electron  scattering  with  incident  energies  between  124  and  250 
MeV.  Spectra  were  decomposed  into  dipole,  quadrupole,  and  other  higher  multipole  com- 
ponents. The  giant  dipole  resonances  in  both  nuclei  have  a large  width  of  approximately 
12  MeV,  with  at  least  two  gross  resonance  structures.  The  quadrupole  resonances  are  dis- 
tributed in  several  clusters  between  10  and  22  MeV,  depleting  (6l±9)%  in  42Ca  and 
(46±7)%  in  “Ca  of  the  isoscalar  energy-weighted  sum  rule,  respectively.  Higher  mul- 
tipole resonances  were  also  found  in  the  same  excitation  energy  region.  The  observed 
structure  in  the  dipole  and  quadrupole  resonances  are  examined  in  terms  of  the  collective 
model,  and  it  is  suggested  that  the  splitting  of  the  dipole  resonance  revealed  in  “Ca  may 
reflect  the  effect  of  nuclear  deformation. 


NUCLEAR  REACTIONS  42Ca  (e.e’)  and  “Ca  (e,e‘),  E = 124-250 
MeV,  g=0.4~1.2  fm"1,  enriched  target,  measured  <r(E',9)  up  to  35 
MeV  in  excitation  energy;  deduced  electric-dipole,  electric-quadmpole, 
and  higher  multipole  strength  in  the  giant  resonance  region. 


FIG.  5.  The  longitudinal  dipole  differential  form  fac- 
tors of  42Ca  and  “Ca  at  q=0A2  fm"1.  The'shaded  area 
shows  the  errors  arising  from  the  least  square  method. 
The  two  gross  resonances  in  both  isotopes  are  fitted  by 
two  Breit-Wigner  shape  cross  sections.  The  K splitting 
of  the  Suzuki-Rowe  model  (Refs.  40  and  42)  is  com- 
pared with  the  spectra.  Shell  model  calculation  (Ref.  9) 
is  also  shown  by  solid,  lines  for  the  T K state  and  dashed 
lines  for  the  T>  state.-  Both  7%  and  7%  strengths  are 
multiplied  by  a factor  of  2. 


B ( CL ) 


FIG.  4.  The  longitudinal  form  factors  integrated 
from  10  to  25  MeV  for  42Ca  and  “Ca,  together  with  the 
result  of  the  multipole  expansion.  The  dashed,  dash- 
dotted,  and  long  dashed  curves  are  the  Cl,  C 2,  and 
I Cl  (/  > 3)  components,  respectively.  The  solid  curve  is 
the  sum  of  the  all  multipole  excitation.  The  occasional 
error  bars  on  the  Cl,  C 2,  and  2 Cl  ( / > 3)  curves  include 
statistical  error  and  model  dependence  of  the  higher 
multipole  excitations. 
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FIG.  1.  The  total  form  factor  integrated  from  10  to 
25  MeV  for  42Ca  and  “Ca,  together  with  the  experimen- 
tal results  of  ^Ca  (Ref.  3).  The  measured  form  factors 
at  q = 1.9  fm-1  are  taken  from  Ref.  27.  The  shaded 
area  labeled  1CI  ( / > 3)  is  the  investigated  range  of  the 
contributions  of  the  higher  multipole  excitation  for  42Ca. 
The  solid  and  dashed  curves  are  the  sum  of  the  all  mul- 
tipole excitations  in  42Ca  and  “Ca,  respectively.  Also 
the  measured  transverse  form  factor  of  ^Ca  integrated 
in  the  same  energy  range  is  shown.  The  electric-dipole 
transverse  form  factor  calculated  using  the  particle-hole 
wave  functions  (Ref.  32)  is  shown  by  the  dot-dashed 
curve. 


FIG.  7.  The  longitudinal  quadrupole  differential 
form  factors  of  42Ca  and  "Ca  at  q =0.74  fm-1  are  com- 
pared with  the  result  of  *°Ca  (Ref.  3).  The  shaded  area 
for  *°C a was  obtained  by  combining  the  result  of  ^Ca  at 
q =0.67  fm-1  and  q =0.81  fm-1,  while  those  of  4:Ca 
and  "Ca  show  the  errors  arising  from  the  least  square 
method.  The  K splitting  of  the  Suzuki-Rowe  model  is 
also  shown. 


TABLE  II.  Reduced  'ransition  probabilities  B ( C 1 . t ) obtained  by  the  multipole  expansion  and  the  depletion  of  the 
isovcctor  electnc  dipole  EWSR  (S,).  The  positions  of  dipole  peaks  are  indicated  in  square  brackets.  Errors  in  5(0) 
and  S|  are  ±lOCo,  which  include  errors  arising  from  the  model  dependence  on  the  higher  multipole  transitions.  * 


4:Ca  “Ca 

n<C  1)  S,  <o  5(0)  S, 


(MeV) 

( c ' fm : ) 

(%) 

(MeV) 

(e:fm:) 

(%) 

9 0—  12. 5 [9.4,  112] 

1.49 

10.2 

9.0-12.1  [10.0,  11.7] 

1.46 

9.4 

12.5-14.5  [13.3,  13.9] 

1.34 

11.5 

12.1-14.5  [13.0,  14.1] 

1.60 

13.3 

14.5-18.0  (16.2,  17.5] 

3.05 

31.9 

14.5-18.5  [15.3.  16.2.  17.3] 

3.78 

38.4 

18.0-21.0(18.3,  19.2] 

2.81 

35. 1 

18.5  -23.0  (19.6.  20.3,  21.4,  22.0] 

4.33 

55  3 

21.0-26.0  [22.5] 

3.19 

48.1 

23.0-25.0  [22.9] 

1.52 

22.4 

26.0-30.0  (26. 7] 

1.39 

25.0 

25  0-27.0 

096 

15.3 

30.0-35.0 

0.64 

13  3 

10.0  — 25.0 

11.0 

129 

10.0-25.0 

12.2 

138 

9.0-35.0 

13.9 

173 

544 


ref.  K.  Itoh,  Y.M.  Shin,  T.  Saito,  Y.  Torizuka 
Phys.  Rev.  C24,  1969  (1981) 
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FIG.  3.  The  longitudinal  differential  form  factor  of  “Ca  at  various  momentum  transfers.  See  caption  of  Fig.  2. 
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FIG.  2.  The  spectrum  of  inelastically  scattered 
electrons  from  Ca48  with  an  incident  energy  Eo  = 
282.8  MeV  at  an  angle  9=88.1°,  after  radiative 
corrections  were  made. 
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Table  V.  Experimental  form  factors  for  the  states  of  interest  in  Ca*°  and  Caw.  E%  is  the  incident  electron  energy,  9 is  the  scattering 
angle,  q,  is  the  inelastic  momentum  transfer,  C the  ratio  of  inelastic  to  elastic  peak  heights,  and  | Fn  |2  the  experimental  form  factor 
defined  by  Eq.  ( 10) ; the  sixth  column  is  the  percentage  error  in  the  experimental  form-factor  points. 


Ei 

(MeV) 

e 

(deg) 

1i 

(F->)  10*C 

low 

c- 

0 

error 

103/7*  » 

Ca*° 

3.73  MeV  (3-) 

60.. 16 

90.0 

0.419  4.62 

0.222 

6.0 

60.34 

110. 

0.485  12.91 

0.450 

2.0 

60.04 

130. 

0.534  25.30 

0.666 

2.0 

60.30 

150. 

0.572  41.90 

0.865 

6.0 

3.90  MeV  (2+) 

60.50 

70.0 

0.341  2.24 

0. 145 

6.0 

60.36 

90.0 

0.419  5.73 

0.275 

4.0 

60.33 

110. 

0.485  12.83 

0.447 

4.0 

60.03 

130. 

0.533  19.75 

0.520 

4.0 

60.03 

150. 

0.571  28.50 

0.588 

6.0 

6.94  MeV  (2+,  3-) 

60.51 

70.0 

0.331  1.90 

0.123 

4.0 

60.36 

90.0 

0.407  5.71 

0.275 

2.0 

60.33 

110. 

0.471  13.00 

0.454 

2.0 

60.04 

130. 

0.519  22.65 

0.596 

2.0 

60.24 

150. 

0.555  36.02 

0.745 

2.0 

Ca" 

3.83  MeV  (2  + ) 

60.21 

70.0 

0.339  1.87 

0.122 

5.0 

60.17 

90.0 

0.418  6.45 

0.311 

5.0 

60. 15 

110. 

0.484  11.35 

0.399 

5.0 

60.13 

130. 

0.535  19.15 

0.502 

5.0 

60. 18 

150. 

0.570  26.21 

0.546 

8.0 

41.07 

110. 

0.325  2.37 

0. 165 

7.0 

0.157 

41.05 

130. 

0.359  2.80 

0.173 

8.0 

0.  165 

41.07 

150. 

0.383  3.88 

0.219 

7.0 

0.209 

4.51  MeV  (3-) 

60.21 

70.0 

0.337  0.35 

0.0228 

17.0 

60. 15 

90.0 

0.415  1.77 

0.0854 

8.0 

60. 15 

110. 

0.481  5.51 

0. 194 

8.0 

60.14 

130. 

0.531  12.11 

0.317 

4.0 

60.18 

150. 

0.567  21.94 

0.456 

8.0 

* F*  denote*  the  value*  oi  | F m I'  at  41  MeV  renormalned  to  60 .1  ,\leV. 
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Table  VI.  Best-fit  value*  of  B {EL  T ) and  RJ1  for  the  states  studied  in  this  work.  G is  the  B {EL  | ) value  expressed  in  single-particle 
Weisskopf  units.  rT*  is  the  partial  width  for  / decay  to  the  ground  state.  The  column  labeled  % is  the  statistical  error  in  B{EL  | ). 
An  additional  12%  uncertainty  must  be  included  in  the  final  error  to  account  for  the  dependence  of  B{EL  f ) and  Ru*  on  the  param- 
eters of  the  transition  charge  density.  iV  is  the  number  of  degrees  of  freedom  in  the  fit.  The  transition  charge  parameters  cu  and  i„ 
are  given  as  ratios  to  the  ground-state  parameters,  which  are  different  for  Ca“  and  Caa.  See  the  text. 


Corni- 

State  ‘lence 


N’ucleus 

energy 

(MeV) 

BIEL ) 

G 

(spu) 

IV 

1 eV) 

% 

x!/-V 

level 

C tr/  Co 

ftr/^0 

A\,! 

(F*) 

2 -1-  States 

Ca* 

3.90 

84 

2.0 

1. 23X10-* 

2 

3.5/3 

35 

0.880 

0.880 

19.2 

Ca* 

6.94 

70 

1.7 

1. 94X10-* 

2 

0.5/3 

90 

1.0 

1.0 

24.  S 

Ca“ 

3.83 

86 

1.7 

1. 14X10-* 

2 

4.5/6 

60 

0.984 

0.893 

20.9 

3—  States 

Ca* 

3.73 

21  100 

31.7 

1. 14X10-* 

2 

0.9  2 

65 

1.017 

1.01 

32.3 

Ca“ 

6.94 

9 200 

13.9 

3. 83X10-* 

3 

0.5/3 

90 

1.00 

1.00 

31.5 

Caa 

4.51 

6 500 

6.8 

1. 32X10-* 

3 

1.53 

65 

0 87 

0.99 

25.5 

ref.  R.E.  Larson  and  C.M.  Gordon 

J.  Geophys.  Res.  74,  6023  (1969) 
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TABLE  1.  Relative  Photonuclcar  Yield  from 
Ercmsstrahliing  IrradLatioa 


Brcxsstrahlung 

Ar*4 

Ar° 

Ca" 

End  Point,  Mcv 

(t,  a) 

(Ti  <*») 

(y.  *») 

20 

3.0 

9.2  X 10* 

40 

20 

0.01 

27  X 10* 

55 

27 

l.S 

51  X 10* 

The  relative  yields  of  Ar“,  tl'.e  C-rr.inutc 
activity  attributed  to  Ar,J,  and  Ca‘T  arc  shown 
in  Table  1.  Using  cro.-s-scction  measurements 
i [Full z ci  al.,  10CCJ  and  yield  curves  measured 
in  our  irradiation  geometry  (?.  2.  IVilkniss, 
Chemical  Oceanography  Branch,  USXBL,  pri- 
vate communication,  12C9)  for  the  Cu(y,  n)C" 
reaction,  a maximum  of  approximately  0.02  mb 
(with  coarse  resolution)  was  calculated  for  the 
Ca‘*  (*/,  a)  Ar“  cross  section  up  to  00  Mcv. 
assuming  a slew  variation  in  cress  section  from 
20  to  55  Mov.  Since  Ca“  has  mere  neutrons 
than  Ca‘\  one  might  expect  competing  reactions 
such  as  (y,  n)  and  (y,  2 n)  to  be  more  probable 
relative  to  (y,  a)  in  this  isotope  than  in  Ca'*. 
Tims  0.1  mb  is  considered  the  upper  limit  for 
tl:c  Ca’"  (y,  a)  A r"  effective  cross  section  over 
a smooth  distribution  of  y-ray  energies  up  to 
55  Mcv. 
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Abstract:  Monopole  transitions  from  the  0*  ground  states  to  0j  excited  states  at  3.353  MeV  CM>Ca). 

1.837  MeV  (*2Ca),  1.884  MeV  (“Ca)  and  4 272  MeV  (J3Ca)  have  been  investigated  with  high 
resolution  inelastic  electron  scattering  (FWHM  =:  30  keV)  at  low  momentum  transfer  (0.29  5 q 
^"0.53  fm~*).  The  respective  monopolc  matrix  elements  are  2.53+0.41  fm1,  5.24  + 0.39  fm2. 

5.45  + 0.41  fm2  and  2.28  + 0.49  fm2.  These  results  are  used  together  with  known  ground  state 
charge  radii  and  the  average  number  of  holes  in  the  sd  shell  in  the  ground  state  to  estimate  the 
number  of  particle-hole  excitations  in  the  wave  functions  of  the  excited  0*  states. 


Fig  3 Extrapolation  of  the  measured  fitCO.  </)  values  (dots)  to  q = 0 with  the  two  parameter  expression 
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Abstract:  Monopole  transitions  from  the  0,*  ground  states  to  0,'  excited  states  at  3.353  MeV  (40Ca). 
1.837  MeV  ( Ca),  1.884  MeV  (44Ca)  and  4.272  MeV  (4,Ca>  have  been  investigated  with  high 
resolution  inelastic  electron  scattering  (FWHM  = 30  keV)  at  low  momentum  transfer  (0  29  g v 
= 0.53  fm  ').  The  respective  monopole  matrix  elements  are  2 53  + 0.41  fm2.  5.24  + 0 39  fm2, 
5 45+0.4i  fm  and  2.28  + 0.49  fm2.  These  results  are  used  together  with  known  ground  state 
charge  radii  and  the  average  number  of  holes  in  the  sd  shell  in  the  ground  state  to  estimate  the 
number  of  particle-hole  excitations  in  the  wave  functions  of  the  excited  0*  states 


g NLCLEAR  REACTIONS  40,  *•  44  48Ca(e.  e ).  E = 31-67  MeV,  measured  a(E:  E 0). 
*o  42  44  *^Ca  0'  level  deduced  E0  matrix  elements.  Shell  model  calculation. 
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Extrapolation  of  the  measured  fl(C0.  q)  values  (dots)  to  q = 0 with  the  two  parameter  expression 

of  eq.  (1). 


Fig.  4.  The  determined  monopole  matrix  elements  as  a function  of  mass  number  for  the  four  Ca  isotopes. 
The  line  which  connects  the  experimental  points  has  no  theoretical  significance. 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonuclear  reactions  in  the  energy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and,  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 


Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 
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Fig.  9 Yields  of  the  (y,  n)  reactions  as  a function  of  brems- 
strahlung  maximum  energy  and  target  mass  number  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 
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Phys.  Lett.  95B,  23  (1980) 
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The  search  for  magnetic  dipole  transitions  from  the  ground  state  of  the  even-even  Ca  isotopes  to  high  lying  J”  = 1 + 
states  by  means  of  low  momentum  transfer  but  high  resolution  inelastic  electron  scattering  is  described.  The  previously  ~ 
detected  strongly  excited  Jn  = 1*  state  at  £x  = 10.319  MeV  [fl(Ml)  t = 1.12  t 0.27  in  40Ca  has  been  confirmed,  but 
- contrary  to  the  expectations  of  the  independent  particle  shell  model  - only  a fairly  weak  Ml  transition  is  observed  in  “ 
4ICa  [£x  = 11.235  MeV,  fl(Ml)  t = 0.59  s 0.05  utl  and  none  in  44Ca  between  £x  = 8.2-12.2  MeV.  In  4®Ca,  however, 
a very  strong  Ml  transition  (fl(Ml)  ' = 4.0  r 0.3  to  a single  state  at  £x  = 10.227  MeV  has  been  discovered. 


LEVEL  10.23,  BEL 


Pig.  1.  High-resolution  inelastic  electron  scattering  spectra  of 
40, 42,4 4.48£a  ajj  jnejs-jj-cd  at  0 = 165°  and  E0  = 39  MeV. 
Magnetic  dipole  transitions  are  denoted  by  an  arrow. 


Fig.  2.  Three  48Ca(e,  e')  spectra  all  taken  at  n-  165°  but  at 
different  bombarding  energies  £0  = 30,  39  and  50  MeV  dis- 
playing the  behaviour  of  the  isolated  and  stronely  excited 
Jn  = 1*  state  at  £ = 10.23  MeV. 


Fig.  3.  Dependence  of  the  Ml  strength  in  48Ca  on  the  average 
occupation  number  < nf 7/  g).  The  numbers  written  on  the 
right  side  of  the  solid  lines  denote  the  average  occupation 
number  (nf5/2>-  The  experimentally  determined  transition 
strength  and  its  uncertainty  is  plotted  in  the  form  cf  a band. 
If  there  is  one  neutron  missing  in  the  closed  f ?/:  shell  ( indi- 
cated by  the  arrow)  the  experiment  tells  that  between  1 and 
0.75  neutrons  might  be  in  the  fs/j  shell. 
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Following  the  recent  discovery  or  j very  strong  magnetic  dipole  transition  in  4®Ca  to  a state  at  10.23  MeV  in  high-resolu- 
tion inelastic  electron  scattering,  results  of  a detailed  search  for  Ml  strength  in  the  other  iV  = 28  Isotones  s0Ti,  S2Cr  and 
s4Fe  are  described.  The  Ml  strength  found  in  the  investigated  region  of  excitation  energy  Ex  =»  7-12  MeV  is  very  frag- 
mented and  considerably  quenched  in  comparison  to  predictions  of  shell  model  calculations  in  a model  space  that  includes 
up  to  2p-2h  excitations. 


Fig.  1.  High-resolution  inelastic  electron  scattering  spectra  of  the  N = 28  isotoncs  all  measured  at  E 0 = 30  MeV  and  at  9 - 165°. 
The  strongest  magnetic  dipole  transitions  are  indicated  by  arrows. 
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DEFINITIONS  OF  ABBREVIATIONS  AND  SYMBOLS 


/ 


Note:  In  this  list  definitions  are  given  for  various  photoneutron 

reactions  in  which  the  following  symbols  are  used:  N,  NL,  nN,  SN  and  XN. 

Corresponding  definitions  apply  for  reactions  involving  other  nuclear  particles 
where  the  symbols  N (neutron)  is  replaced  by,  e.g.  P,  D,  T,  HE,  A etc.  Where 
unknown  reactions  result  in  the  production  of  a specific  radionuclide,  the 
chemical  symbol  andmass  number  is  listed  as  the  reaction  product,  e.g.  a G,NA22 
reaction  in  59q0. 


A 

alpha  particle 

response  function.  Contrast 
with  D = discrete. 

ANAL 

analysi  s 

CCH 

cloud  chamber 

ABI 

absolute  integrated  cross-section 
data 

CF 

compared  with 

ABX 

absolute  cross-section  data 

CHRGD 

charged 

ABY 

absolute  yield  data.  Often  means 
cross-section  per  equivalent 

CMPT 

Compton 

coincidence,  coincide 

quantum  is  listed. 

COIN 

COINC 

ACT 

measurement  of  induced  radio- 
activity of  the  target 

COH 

coherent 

ASM 

asymmetric,  asymmetry 

CK 

Cerenkov 

AVG 

average 

D 

deuteron  or  discrete.  When 
discrete,  it  is  used  to 

BBL 

bubble  chamber 

describe  a photon  source  or 
a detector  response  function. 

BEL 

reduced  electric  radiative 

Contrast  with  C = continuous. 

B ( EL ) 

transition  probability 

DLTE 

energy  loss 

BF3 

BF3  neutron  counter  with  moder- 
ator e.g.,  Halpern  detector, 
long  counter 

DLTQ 

momentum  transfer 

DST 

di  stri  bution 

BML 

reduced  magnetic  radiative 
transition  probability,  B(ML) 

DT  BAL 

detailed  balance 

BREAKS 

levels  located  by  "breaks"  in  the 
yield  curve 

E 

electron 

E/ 

inelastically  scattered 

BRKUP 

breakup 

electron 

BRMS 

bremsstrahlung 

E+ 

posi tron 

BTW 

between 

EDST 

energy  distribution  or 
spectrum 

C 

continuous.  Used  to  describe  a 
photon  source  or  a detector 

E/N 

used  only  to  indicate  a coinci 
dence  experiment  as  in  (E, E/N) 
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N stands  for/any  outgoing 
particle  measured  in  coinci- 
dence with  an  inelastically 
scattered  electron.  Distin- 
guish from  eg.,  (E,N)  which  is 
used  to  represent  an  electron 
induced  reaction  when  only  the 
outgoing  particle  N is  detected. 

EMU  emulsions  (photographic  plates) 

EXCIT  excited 

F fission 

FMF  form  factor 

FM-1  inverse  femtometers 

FRAG  fragment 

G photon 

G/  inelastically  scattered  photon 

G-WIDTH  gamma-ray  transition  width 

HAD  hadrons,  hadron  production 

HE  3He  particle 

He3 

I NT  interaction,  integral, 

intensity 

INC  includes 

ION  ionization  chamber 

I SOB  isobaric 

ISM  isomer 

J multiplicity  of  particle 

defined  by  following  symbol 
e.g.  ( G , P J N ) with  remark 
J = 2, 3, 5, 7 

JPI  spin  and  parity  of  a nuclear 

J-PI  state 

K second  multiplicity  index,  e.g. 

(G.JPKN)  with  both  J & K posi- 
tive integers  greater  than  1 


KE  kinetic  energy 

L may  be  an  i nteger  or  zero 

that  always  follows  a reaction 
product  symbol.  This  is  used 
to  indicate  transitions  to 
specific  states  in  the  residual 
nuclide.  When  the  letter  is 
used  as  in  (G,NL)  the  cross 
section  given  is  that  for  the 
sum  of  transitions  to  two  or 
more  specific  final  states. 

LFT  excited  state  lifetime 

LIM  limit 

LV.LVS  level,  levels 

LQD  liquid 

MAG  magnetic  spectrometer 

MEAS  measurement! s) 

MGC  magnetic  Compton  spectrometer 

MGP  magnetic  pair  spectrometer 

MOD  moderated  neutron  detector  not 

employing  a BF3  counter,  e.g. 
rhodium  foil,  Szi 1 ard-Chalmers 
reaction,  ^He,  ^li  reactions, 

GD  loaded  liquid  scintillator, 
etc. 

MSP  mass  spectrometer 

MULT  multiple,  multipole,  multiplicity 

MU-T  used  only  in  combination  with  G 

to  indicate  a total  photon 
absorption  cross  section  measure- 
ment, i.e.  ( G , MU - T ) 

N neutron  (see  also  XN  and  SN). 

The  notation  (G,N)  is  used  to 
indicate  a reaction  in  which  only 
a single  neutron  is  emitted,  i.e. 
the  reaction  that  can,  in  many 
cases,  be  measured  by  observing 
the  radioactive  decay  of  the 
residual  nuclide. 
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nN 

whe/e  n is  any  integer.  (G,nN) 

SN 

sum  of  neutron  producing 

indicates  the  sum  over  all 

reactions,  cr(  y,SN)=ct(y,N) 

reaction  cross  sections  in  which 

+ a(y,NP)  + a (y  ,2N ) + a(y,3N) 

n neutrons  are  emitted. 

+ etc. 

NAI 

Nal(Tl)  spectrometer 

SPC 

photon  or  particle  energy 
spectrum 

NEUT 

neutron! s ) 

SPK 

spark  chamber 

NOX 

no  cross-section  data 

SPL 

spall ati on 

P 

proton  (see  also  XP) 

STAT 

stati sti cal 

PART 

parti  cl e( s ) 

SYM 

symetric,  symmetry 

PHOT 

photon! s ) 

T 

tri ton 

PI 

pion,  usually  written  as  PI+, 
PI-,  PIO  to  indicate  charge 

TEL 

counter  telescope 

POL 

polarized  or  polarization 

THR 

threshold  for  reaction  or 
threshold  detector,  e.g.. 

Q-SQUAR 

momentum  transfer  squared  (q2) 

29Si ( n , p )29A1 . 

RCL 

recoi 1 

TOF 

time-of-fl ight  detector 

REL 

rel ati ve 

TRK 

tracks  of  particles  or  frag- 
ments observed  in  solid 

RLI 

relative  integrated  cross- 
section  data 

materials  (glass,  mylar,  etc.) 

TRNS 

transi ti on 

RLX 

relative  cross-section  data 

UKN 

unknown 

RSP 

reaction  spectrometer 

UNK 

RLY 

relative  yield  data 

VIB 

vi brati onal 

SCTD 

scattered 

VIR  PHOT 

virtual  photon(s) 

SCD 

semiconductor  (solid  state) 

XN 

all  neutrons,  total  neutron 

detector 

yield,  a(y,XN)  = a(y,N)  + 2a 
(Y,2N)  + 3a ( Y , 3N ) +a(y,NP)  + etc 

SCI 

scintillator  detector  other  than 
Nal,  e.g. , Csl , K I , organic 
TTTquid  or  solid),  stilbene,  He 

XP 

all  protons,  total  proton  yield 
a (Y , XP ) = o(y,p)  + a(Y,NP)  + 

2c (Y  ,2P ) + etc. 

SEP 

separati on 

XX 

reaction  products  defined  in 

SEP  ISOTP 

separated  isotope  used 

XXX 

REMARKS 

SIG 

SIGMA  (cross  section) 

YLD 

yield 
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4PI 

a 4 tt  geometry  was  used  or  a 
method  like  radioactivity  or  a 
total  absorption  measurement 

products  was  determined. 
The  polarized  particle  is 
indicated  in  REMARKS. 

999 

energy  defined  in  REMARKS 

* or  @ 

symbols  used  to  indicate  that 
the  units  associated  with  the 

$ 

indicates  the  measurement 
involved  beams  or  targets 
that  were  either  polarized 
or  aligned,  or  that  the  polar- 
ization of  the  reaction 

numerals  on  one  or  both  sides 
of  the  symbol  in  a specific 
column  are  not  MeV.  The  units 
are  defined  in  REMARKS. 
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